PCT 



WORLD INTEL1 ACTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61K 31/56, 31/445 



Al 



(11) International Publication Number: WO 98/10769 

(43) International Publication Date: 19 March 1998 (19.03.98) 



(21) International Application Number: PCT/US97/16663 

(22) International Filing Date: 10 September 1997 (10.09.97) 



(30) Priority Data: 

08/714,783 



16 September 1996 (16.09.96) US 



(71) Applicant (for alt designated States except US): CHILDREN'S 

MEDICAL CENTER CORPORATION [US/US]; 300 
Longwood Avenue, Boston, MA 021 15 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BERDE, Charles, B 
[US/US]; 14 Doran Road, Brookline, MA 02146 (US). 
LANGER, Robert. S. [US/USJ; 77 Lombard Street. New 
ton, MA 02158-2513 (US). CURLEY, Joanne [US/USJ 
1763 Park View Green Circle, San Jose, CA 95131 (US). 
CASTILLO, Jenny fUS/US); 1218 Walnut Street, Philadel 
phia, PA 19107 (US). 

(74) Agents: DAVIDSON, Clifford. M. ct al.; Steinberg, Raskin & 
Davidson, P.C., 1140 Avenue of the Americas, New York, 
NY 10036 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, PI, GB, GE, 
GH, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM TR 
IT, UA, UG, US, UZ. VN. YU, ZW, ARIPO patent (GH, 
KE, LS, MW, SD, SZ, UG, ZW), European patent (AT, BE, 
CH, DE, DK, ES. FI, FR, GB, GR, IE, IT, LU MC NL 
PT, SE), OAPI patent (BP, BJ, CF, CG, CI, CM. GA. GN. 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: FORMULATIONS AND METHODS FOR PROVIDING PROLONGED LOCAL ANESTHESIA 
(57) Abstract 

The use of glucocorticosteroids in methods and formulations for prolonging and/or reactivating local anesthesia or local anesthesia 
previously induced by a local anesthetic agent, is disclosed. 



f 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


AM 


Armenia 


FI 


Finland 


LT 


AT 


Austria 


FR 


France 


LU 


AU 


Australia 


GA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Bfi 


Barbados 


GH 


Ghana 


MG 


BK 


Belgium 


GN 


Guinea 


MK 


BF 


Burkina Faso 


GR 


Greece 




BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


Ireland 


MN 


BR 


Brazil 


IL 


Israel 


MR 


BV 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


IT 


Italy 


MX 


CF 


Central African Republic 


JP 


Japan 


NE 


CG 


Congo 


KE 


Kenya 


NL 


CI I 


Switzerland 


KG 


Kyrgyzstan 


NO 


CI 


Cdtc d'lvoire 


KP 


Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


Cli 


Cuba 


KZ , 


Kazakstan 


RO 


cz 


Czech Republic 


LC 


Saint Lucia 


RU 


DF. 


Germany 


LI 


Liechtenstein 


SD 


OK 


Denmark 


LK 


Sri Lanka 


SE 


EK 


Estonia 


LR 


Liberia 


SG 



Ixsotho 


SI 


Slovenia 


Lithuania 


SK 


Slovakia 


Luxembourg 


SN 


Senegal 


Latvia 


sz 


Swaziland 


Monaco 


TD 


Chad 


Republic of Moldova 


TG 


Togo 


Madagascar 


TJ 


Tajikistan 


The former Yugoslav 


TM 


Turkmenistan 


Republic of Macedonia 


TR 


Turkey 


Mali 


TT 


Trinidad and Tobago 


Mongolia 


UA 


Ukraine 


Mauritania 


UG 


Uganda 


Malawi 


US 


United States of America 


Mexico 


uz 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netherlands 


YU 


Yugoslavia 


Norway 


ZVV 


Zimbabwe 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



WO 98/10769 



PCT/US97/16663 



FORMULATIONS AND 
METHODS FOR PROVIDING 
PROLONGED T-OPAT. A NESTHESIA 

1. Background of the Invention 

The U.S. Government may have rights in this invention pursuant to National 
Institutes of Health Grant No. GM-15904 to Harvard Anesthesia Research and 
Teaching Center to C. Berde, and Grant No. CA 5257 to R. Langer. 

This invention is generally in the field of anesthesiology and, in particular, 
the restoration and/or boosting of a previously administered local anesthesia by the 
use of a non-local anesthetic agent to reactivate and/or prolong local anesthesia. 

Methods and/or formulations heretofore used to provided localized 
anesthesia are advantageously reversible so that nerve conduction and motor and/or 
sensory function returns. However, in many situations it becomes necessary to 
repeat the same local anesthesia one or more additional times in order to protect a 
patient from chronic pain or from pain induced by repeated surgical or medical 
procedures. 

In order to provide local and/or anesthesia for extended periods, clinicians 
currently use local anesthetic agents administered through a catheter or syringe to a 
site where anesthesia is to be induced. Thus, prolonged local anesthesia, over a 
period of greater than about 6 hours, has heretofore required that local anesthetic 
be administered either as a bolus or through an indwelling catheter connected to an 
infusion pump. Similarly, heretofore, reactivation of local anesthesia has required 
repeated administered of a local anesthetic through an indwelling catheter or by re- 
injection. These methods have the disadvantage of potentially causing irreversible 
damage to nerves or surrounding tissues due to fluctuations in local anesthetic 
concentration and in the accumulation and diffusion of potentially toxic levels of 
local anesthetic into the systemic circulation. 
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One approach to this problem is to provide for a prolonged, sustained local 
anesthesia, as is disclosed by WO 94/05265. This published international patent 
application describes improved biocompatible controlled release systems consisting 
of a polymeric matrix incorporation of a local anesthetic for the prolonged 
administration of the local anesthetic agent. The devices are selected on the basis of 
their degradation profiles: release of the local anesthetic in a linear, controlled 
manner over the period of preferably two weeks and degradation in vivo with a 
half-life ranging from less than six months to about a year and more, and preferably 
from about two to four weeks, to induce localized anesthesia. The anti- 
inflammatories that are said to be useful include steroids such as dexamethasone, 
cortisone, prednisone, and others routinely administered orally or by injection. The 
exemplified pellet formulations comprise only about 20% local anesthetic and this 
published international patent application teaches that the selection of the polymers 
is critical to providing a sustained release of the local anesthetic agent. This 
publication also teaches that the anti-inflammatory agent serves to prevent localized 
tissue inflammation and encapsulation of the injection site with a connective tissue 
capsule. However, the local anesthesia so provided is of necessity prolonged, 
without any option for modulating the level of anesthesia. 

Local anesthetic agents have been incorporated into biocompatible 
polymeric devices, such as, for example, polylactic acid microspheres, as described 
by Wakiyama, et al. f Chem. Phanm Bull 30:3719-3727 (1 982). In contrast to the 
lipid based materials, the poly(lactic acid) devices take over a year to degrade and 
cause localized inflammation. Berde, et al., Abstracts of Scientific Papers, 1990 
Annual Meeting, Amer. Soc. Anesthesiologists, 73:A776 (Sept. 1990), reported the 
use of a device formed of a polyanhydride polymer matrix of copolymer 1,3 bis (p- 
carboxyphenoxy)propane and sebacic acid, in a ratio of 1 ,4, into which dibucaine 
free base was incorporated by compression molding. This drug-polymer device, 
however, had several drawbacks. For example, because the drug was incorporated 
into the polymer matrix by compression molding, the device sometimes displayed 
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bulk erosion, causing fast initial release of drug. 

Nevertheless, heretofore there has been no method or formulations known 
to the art for reactivating, prolonging or otherwise boosting a previously 
administered local anesthesia without the use of repeated dose of a local anesthetic. 

Accordingly, it is an object of the present invention to provide methods and 
compositions for modulating local anesthesia by administering one or more 
glucocorticosteroid agents (also referred to herein as glucocorticoid agents) before, 
simultaneously with or after the administration of a local anesthetic at a site in a 
patient. It is a further object of the present invention to provide methods and 
compositions that are able to reactivate or prolong local anesthetic activity that has 
previously diminished or worn off 

It is a still further object of the present invention to provide methods and 
compositions for modulating the degree of local anesthesia wherein the active 
restorative or prolonging agents are pharmaceutical^ acceptable 
glucocorticosteroids that are locally or systemically administered to a patient 
needing or desiring to restore a previously induced local anesthesia. 
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2. Summary of the Invention 

In accordance with the above-mentioned objects and others, the invention is 
related to methods and compositions for reactivating and/or prolonging a local 
anesthetic effect, that has previously been induced by an implanted or injected local 
anesthetic formulation. 

Accordingly, the present invention broadly provides methods for 
reactivating and/or prolonging an induced local anesthesia at a site in a patient in 
need thereof, comprising administering to the patient at a site at which local 
anesthesia was previously induced, a pharmaceutical^ acceptable composition that 
includes a glucocorticosteroid in an amount effective to reactivate and/or prolong 
the previously induced local anesthesia. The previous local anesthesia is induced by 
any art known local anesthetic or by a combination of any suitable art-known local 
anesthetic and any suitable art-known glucocorticosteroid. 

The glucocorticosteroid for reactivating and/or prolonging a local anesthesia 
is administered by, e.g., systemic administration, e.g., orally or intravenously, or by 
implantation, infiltration, injection and/or infusion at or adjacent to the site requiring 
reactivated or prolonged anesthesia, and is administered, for example, before or 
after the local anesthesia has substantially worn off, to provide reactivation and/or 
prolongation of the effect. At least a portion of the glucocorticoid is administered, 
simply by way of example, at a time ranging from about 1 to about 72 hours or 
more, from about 1 to about 36 hours, from about 1 to about 24 hours, from about 
1 to about 12 hours, from about 1 to about 6 hours, and from about 1 to about 4 
hours, or from about 4 to about 72 hours and from about 4 to about 24 hours, after 
the time that the (e.g., first) local anesthetic was administered. 

The previously administered local anesthetic is, for example, bupivacaine, 
ropivacaine, dibucaine, procaine, chloroprocaine, prilocaine, mepivacaine, 
etidocaine, tetracaine, lidocaine, xylocaine, and salts thereof or any other 



WO 98/10769 



PCT/US97/16663 



5 

pharmaceutically acceptable art-known local anesthetic or mixtures thereof. The 
glucocorticosteroid is, e.g., dexamethasone, cortisone, prednisone, hydrocortisone, 
beclomethasone dipropionate, betamethasone, flunisolide, methylprednisone, 
paramethasone, prednisolone, triamcinolone, alclometasone, amcinonide, 
clobetasol, fludrocortisone, diflorasone diacetate, fluocinolone acetonide, 
fluocinonide, fluorometholone, flurandrenolide, halcinonide, medrysone and 
mometasone and pharmaceutically acceptable mixtures thereof and salts thereof or 
any other suitable art-known glucocorticosteroid, either naturally occurring or 
synthetic. 

In the method according to the invention, at least a portion of the 
glucocorticosteroid may be administered systemically, e.g., orally or by systemic 
injection, but is preferably administered locally at the desired site in a patient. The 
locally administered glucocorticosteroid can be administered in immediate release 
form, in controlled release form or in both immediate release and controlled release 
form. The immediate release and/or controlled release forms are preferably 
prepared in a form suitable for injection, infusion and/or application in a 
pharmaceutically acceptable medium, e.g., as a solution, suspension or even, e.g., 
as a plurality of microspheres incorporating one or more agents, including a 
glucocorticosteroid. When controlled release microspheres are provided, at least a 
portion of the glucocorticosteroid is optionally in immediate release form in the 
injection medium. 

The methods according to the present invention provide a local anesthesia 
prolonged by reactivation of a previously administered local anesthetic agent, the 
reactivation providing a local anesthesia having a duration ranging from, e.g., about 
1.1 to about 14 fold, or more, of the duration of local anesthesia induced by 
controlled release local anesthetic without glucocorticosteroid enhancement. In a 
preferred embodiment, the methods, the prolongation ranges from about 6 to about 
13 fold of the duration of local anesthesia induced by controlled release local 
anesthetic without glucocorticosteroid enhancement. The methods according to the 
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invention are therefore capable of providing ah initial period of local anesthetic 
induced anesthesia, that is either prolonged or that is reactivated to provide a local 
anesthesia with a duration ranging from about 1 to about 72 hours or more, from 
about 1 to about 36 hours, from about 1 to about 24 hours, from about 4 to about 8 
hours and from about 1 to about 2 hours, measured from the time of administration 
of the reactivating composition. 

Further, the invention also provides pharmaceutical formulations for 
providing a regional local anesthesia in a patient that, when administered to a local 
site in a patient, sequentially releases an effective amount of a pharmaceutical^ 
acceptable local anesthetic and then at a time after administration, releases an 
amount of a glucocorticosteroid effective to reactivate and/or prolong the local 
anesthesia. Such a pharmaceutical formulation according to the invention also 
includes an effective amount of a biocompatible, controlled release material 
effective to prolong the release of said local anesthetic from said formulation and 
effective to delay the release of the glucocorticosteroid for a desired time after 
administration. Simply by way of example, the glucocorticoid agent according to 
the invention can be released or administered at the desired site at any time, but 
preferably at least a portion that is effective to prolong and/or reactivate the desired 
local anesthesia is released or administered after the local anesthetic has been 
administered. At least a portion of the glucocorticoid is released from said 
formulation, simply by way of example, at a time ranging rom about 1 to about 72 
hours or more, from about 1 to about 36 hours, from about 1 to about 24 hours, 
from about 1 to about 6 hours, or from about 4 to about 24 hours and from about 1 
to about 2 hours, measured from the time that the (e.g., first) local anesthetic was 
administered. 

While any pharmaceutically acceptable controlled release material may be 
employed, the pharmaceutically acceptable controlled release materials preferably 
are prepared from a polymer such as, for example, polyanhydrides, copolymers of 
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lactic acid and glycolic acid, poly(lactic) acid, poly(glycolic) acid, polyesters, 
polyorthoesters, proteins and/or polysaccharides. 

A pharmaceutically acceptable local anesthetic is, for example, ropivacaine, 
bupivacaine, dibucaine, etidocaine, tetracaine, lidocaine, xylocaine, mixtures 
thereof, and salts thereof and others well known to the art. The local anesthetic is 
incorporated into the controlled release formula at a weight percent ranging from 
about 0. 1 to about 90% 

A pharmaceutically acceptable glucocorticosteroid includes, e.g., 
dexamethasone, cortisone, prednisone, hydrocortisone, beclomethasone 
dipropionate, betamethasone, flunisolide, methylprednisone, paramethasbne, 
prednisolone, triamcinolone, alclometasone, amcinonide, clobetasol, 
fludrocortisone, diflorasone diacetate, fluocinolone acetonide, fluocinonide, 
fluorometholone, flurandrenolide, halcinonide, medrysone and/or mometasone and 
pharmaceutically acceptable mixtures salts thereof or any other suitable 
glucocorticosteroid known to the art. Preferably, dexamethasone is used. 

The pharmaceutically acceptable formulation according to the invention 
provides a reactivated local anesthesia of a duration ranging from about 1 . 1 to 
about 14 fold, or more, of the duration of local anesthesia induced by controlled 
release local anesthetic without glucocorticosteroid enhancement. In a preferred 
embodiment, the methods, the prolongation ranges from about 6 to about 13 fold of 
the duration of local anesthesia induced by controlled release local anesthetic 
without glucocorticosteroid enhancement. The methods and formulations 
according to the invention are therefore capable of providing an initial period of 
local anesthetic induced anesthesia, followed by a second period of anesthesia, that 
is either prolonged or that is reactivated to provide a second period of local 
anesthesia. 
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3. Brief Description of the Drawings 

The following drawings are illustrative of embodiments of the invention and 
are not meant to limit the scope of the invention as encompassed by the claims. 

Fig. 1 A is a graph of percent cumulative release of bupivacaine versus time 
(days), in vitro, for two formulations of polylactic acid-glycolic acid 75:25, one 
PLGA microsphere formulation with dexamethasone (open circle) and without 
dexamethasone (open square) 0.05%. 

Fig. IB is a graph of bupivacaine dose verses the duration of sensory latency 
(hours), in animals treated with microspheres containing bupivacaine 75% (w/w) 
and 0.05% dexamethasone prepared from 100 polylactic acid ("PLA"; square), 
copolymer of lactic and glycolic acid ("PLGA") 65:35 (circle), and PLGA 75:25 
(triangle) loaded with bupivacaine and dexamethasone, administered at doses of 50 
to 450 mg of bupivacaine/Kg rat. Duration was defined as the mean duration of 
time for which the for which the latency of a group of 5 rats was greater than or 
equal to 7 seconds. Error bars indicate standard errors. 

Fig. 2. Shows comparison of two methods, ultraviolet ( H UV M ) spectroscopy 
and scintillation counting of isotope-labeled drug, confirming that both methods are 
essentially equivalent in tracing drug released from microspheres. 

Fig. 3A. Duration of sensory latency (sees) versus time after injection 
(hours), determined by the modified hot plate test for 75% bupivacaine loaded 
PLGA 65:35 containing 0.05% (closed square), 0.005% (closed circles), and 0.0% 
(closed triangles) dexamethasone. Error bars indicate standard errors. 

Fig. 3B. Duration of motor anesthesia in seconds ("sees") versus time after 
injection (hours), determined by motor function testing for 75% bupivacaine loaded 
PLGA 65:35 containing 0.05% (closed square), 0.005% (closed circles), and 0.0% 
(closed triangles) dexamethasone. Error bars indicate standard errors. 

Fig. 4A. Duration of mean latency (sees) verses time after injection (hrs) for 
PLA 100 microspheres loaded with 75% bupivacaine which contained 0.05% 
dexamethasone (closed circles) with corresponding microspheres which did not 
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contain dexamethasone (closed squares) administered at 150 mg of bupivacaine per 
kg of rat. 

Fig. 4B. Duration of mean latency (sees) verses time after injection (hrs) for 
PLGA 75:25 microspheres loaded with 75% bupivacaine which contained 0.05% 
dexamethasone (closed squares) with corresponding microspheres which did not 
contain dexamethasone (closed circles) administered at 150 mg of bupivacaine per 
kg of rat.. 

Fig. 4C. Duration of mean latency (sees) verses time after injection (hrs) for 
PLGA 65:35 microspheres loaded with 75% bupivacaine which contained 0.05% 
dexamethasone (open squares) with corresponding microspheres which do not 
contain dexamethasone (closed circles) administered at 150 mg of bupivacaine per 
kg of rat.. 

Fig. 4D. Duration of mean latency (sees) verses time after injection (hrs) for 
PLGA 50:50 microspheres loaded with 75% bupivacaine which contained 0.05% 
dexamethasone (closed squares) with corresponding microspheres which do not 
contain dexamethasone (closed circles) administered at 150 mg of bupivacaine per 
kg of rat. Error bar indicate standard errors. 

Fig. 5A. Duration of mean latency (sees) verses time after injection (hrs) for 
bupivacaine-loaded microspheres with dexamethasone in the injection fluid (closed 
squares), bupivacaine-loaded microspheres with betamethasone (closed triangles) in 
the injection fluid and control microspheres with bupivacaine only (closed circles) 
(Ms = microspheres). 

Fig. 5B. Graph of mean motor anesthesia (scaled 1-4) verses time (hrs) for 
bupivacaine-loaded microspheres with dexamethasone in the injection fluid (open 
squares) and bupivacaine-loaded microspheres with betamethasone in the injection 
fluid (closed triangles) and control microspheres with bupivacaine only (closed 
circles). 

Fig. 5C. Graph of the duration of sensory block [y-axis; time (hours) from 
injection to a mean of hotplate latency of 7 seconds] verses log dose [x-axis; mg/kg] 
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for various additives placed in the injection medium: bupivacaine microspheres plus 
dexamethasone (closed circles), methylprednisolone (open circles), betamethasone 
(closed squares) and hydrocortisone (open squares) (n= 4-8 for each point). 

Fig. 6. Percent in vitro cumulative release versus time (days) for PLA 100 
(square), PLGA 75:25 (closed circle), PLGA 65:35 (open triangle) and PLGA 
50:50 (circle) microspheres loaded with 75% bupivacaine. Error bars indicate 
standard errors. 

Fig. 7 shows the percent cumulative release versus time (days) for PLGA 
75:25 microspheres loaded with about 75% bupivacaine in media at pH 6 (circles), 
pH 7.4 (triangles) and pH 8 (squares), respectively. Error bars indicate standard 
errors (n=4). 

Fig. 8 A shows sensory anesthesia as latency (sees) verses time after 
injection (hours) as induced by microspheres, PLGA 65:35, loaded with 
bupivacaine (about 75% percent loading, about 150 mg/kg) administered at zero 
hours followed by injection with dexamethasone at 6 hours: bupivacaine 
microspheres (circles), dexamethasone, 0.5 mg/kg, added at 6 hours (squares) and 
control vehicle added at 6 hours (triangles). 

Fig. 8B. Motor anesthesia scale verses time (hrs) as induced by 
microspheres, PLGA 65:35, loaded with bupivacaine (about 75% percent loading, 
about 150 mg/kg) administered at zero hours followed by injection with 
dexamethasone 0.5% (closed circles) at 6 hours: bupivacaine microspheres (open 
circles), dexamethasone, 0.5 mg/kg, added at 6 hours (closed circles) and control 
vehicle added at 6 hours (open squares). 

4. Detailed Desrrintion of the Invention 
Methods and compositions for modulating a local anesthesia, by the 
administration of an effective amount of at least one glucocorticosteroid agent, are 
provided. These methods and compositions can be used for the management of 
various forms of persistent or repetitive pain, such as postoperative pain, 
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sympathetically maintained pain, or certain forms of chronic pain such as the pain 
associated with many types of cancer. The modulation according to the present 
invention can include restoring or reactivating a previous anesthesia that has waned 
and can also include restoring or reactivating a previous local anesthesia that has 
been induced by the previous co-administration of a local anesthetic and 
glucocorticosteroid agent. 

As used herein, the term "patient" broadly refers to any animal that is to be 
treated with the compositions and by the methods herein disclosed. The disclosed 
local anesthetic dosage form, compositions and methods for restoring local 
anesthesia, can provide localized numbness and/or analgesia to any animal, e.g., any 
vertebrate, which it is desired to so anesthetize. In particular, the disclosed 
methods and compositions will find use in veterinary practice and animal husbandry 
for, e.g., birds and mammals, wherever prolonged local anesthesia is convenient or 
desirable. In a preferred embodiment, the term includes a human or humans in need 
of or desiring reactivated local anesthesia. 

In another aspect of the invention, a pharmaceutically effective 
glucocorticosteroid is administered locally or systemically, to a patient, before any 
local anesthetic is administered to the patient. In this aspect, the glucocorticosteroid 
dose will then potentiate, e.g., prolong the duration or increase the degree of local 
anesthesia of a later-administered local anesthetic. 

As used herein, the term "local anesthetic agent" means any drug or mixture 
of drugs that provides local numbness and/or analgesia. Examples of local 
anesthetic agents which can be used include bupivacaine, ropivacaine, dibucaine, 
procaine, chloroprocaine, prilocaine, mepivacaine, etidocaine, tetracaine, lidocaine, 
and xylocaine, and mixtures thereof and any other art-known pharmaceutically 
acceptable local anesthetic. The local anesthetic can be in the form of a salt, for 
example, the hydrochloride, bromide, acetate, citrate, carbonate or sulfate. More 
preferably, the local anesthetic agent is in the form of a free base. Preferred local 
anesthetic agents include, e.g., bupivacaine. For bupivacaine, the free base 
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provides a slower initial release and avoids an early "dumping" of the local 
anesthetic at the injection site. Other local anesthetics may act differently. Local 
anesthetic agents typically administered systematically may also be used in those 
cases where the means of administration results only in a local effect, rather than 
systemic. 

The term "local anesthetic" may also encompass, pursuant to the definitions 
provided herein, a drug of a different class than those traditionally associated with 
local anesthetic properties, including but not limited to morphine, fentanyl, and 
agents which, for example, can provide anesthesia of nociceptive pathways (afferent 
and/or efferent). The formulations according to the invention preferably provide 
high load formulations of controlled release local anesthetic agent. 

The term, "local anesthesia" includes the condition of, e.g., a local 
numbness and/or analgesia, and/or inhibitory effects on sensory and motor function, 
induced, simply by way of example, by a local anesthetic as defined above. 

The term, "controlled release" generally refers to compositions, e.g., 
pharmaceutical^ acceptable carriers, for controlling the release of an active agent 
or drug incorporated therein, typically by slowing the release of the active agent or 
drug in order to prevent immediate release. Such controlled release compositions 
and/or carriers are used herein to prolong or sustain the release of an active agent 
or drug incorporated, e.g., a local anesthetic and/or a glucocorticoid agent. Thus, 
the terms "controlled release" and "sustained release" are generally used 
interchangeably throughout this document unless otherwise indicated. 

As used herein, the term "reactivate" refers to a process of prolonging the 
duration of an existing local anesthetic effect or of restoring a previously induced 
local anesthesia that is wearing off or that has fully worn off, by administering to a 
patient an effective amount of a glucocorticosteroid at a site that has previously 
been treated with a local anesthetic in that patient. Thus, after a certain amount of 
elapsed time, depending on the initial dose and rate of diffusion and/or release of a 
local anesthetic formulation, any local anesthetic effect, ^ a local anesthesia, 
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subsides or wears off, so that sensory or motor function is reactivated. If pain 
persists or recurs, the local anesthesia is optionally reactivated or prolonged before 
or after the local anesthesia begins to wear off. 

According to the present invention, this is accomplished by delivering, e.g., 
topically applying inserting, infiltrating, injecting or even systemically 
administering, at least one pharmaceutically effective dose of a composition 
including a glucocorticosteroid agent at and/or adjacent to the site to be treated. 
Administration can also be by the automatic or controlled release of a 
glucocorticosteroid from a controlled release formulation previously placed at 
and/or adjacent to a site to be so treated. 

For local administration, the glucocorticosteroid is delivered by any art 
known method at or adjacent to the site at which a local anesthetic was previously 
induced. In this way, additional doses and accumulation of potentially irritating or 
toxic amounts of local anesthetic are avoided. It is also contemplated that the local 
anesthesia is optionally repeatedly reactivated and/or prolonged by repeated 
administration or local release of an effective amount of a suitable 
glucocorticosteroid agent. 

The methods and formulations according to the invention may be applied, 
e.g., topically. Thus, any pharmaceutically acceptable formulation suitable for 
topical administration, e.g., to the skin or mucosal surfaces may be employed for 
administration of a local anesthetic and/or a glucocorticoid agent according to the 
invention, either as a single formulation or in separate formulations for inducing 
topical local anesthesia. This is followed by topical administration of a formulation 
including a glucocorticoid in controlled release form, e.g., microspheres, in 
immediate release form or a mixture of controlled and immediate release 
glucocorticoid. 

For internal administration, any pharmaceutically acceptable formulation for 
local implantation, infiltration or injection in proximity to a nerve, comprising an 
effective amount of a suitable local anesthetic, in immediate release and/or 
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controlled release form, may be employed to provide localized anesthesia as 
needed. Slow release formulations and/or carriers, e.g., emulsions, liposomes, gels, 
suspensions, gum matrices, and a wide variety of polymer formulations; known in 
the art include specially coated pellets, polymer formulations or matrices for 
surgical insertion or controlled release microparticles or microspheres for 
implantation, insertion or injection, wherein the slow release of the active 
medicament is brought about through controlled diffusion out of the matrix and/or 
selective breakdown of a polymer matrix. The formulation may optionally be 
coated with a special coating, film or barrier layer designed to control release of a 
local anesthetic agent by controlling its diffusion out of the formulation and/or by 
selective breakdown of the coating or selective breakdown of a matrix, if present. 

Thus, the formulations and methods of the invention may be used in 
conjunction with any implantable, insert able or injectable delivery system known in 
the art, including but not limited to microspheres, microcapsules, gels, pastes, 
implantable rods, pellets, plates or fibers, and the like. 

Similarly, formulations suitable for use in restoration of localized 
anesthesia according to the invention may be prepared as solutions or suspensions 
of glucocorticosteroids in immediate release or controlled release form, as described 
hereinabove for local anesthetic formulations. An effective amount of a 
glucocorticosteroid formulation may also be administered systemically, e.g., 
intravenously or orally, to provide for restoration of local anesthesia, but localized 
administration is preferred. As for controlled release local anesthetics, slow release 
formulations that can be used for recovery of localized anesthesia can be any 
suitable formulations that are known in the art, e.g., including specially coated 
pellets, polymer formulations or matrices for surgical insertion or as controlled 
release, e.g., microspheres, or, optionally, microcapsules for implantation, insertion 
or injection, wherein the slow release of the active medicament is brought about 
through controlled diffusion out of the matrix formulation, e.g., and/or selective 
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breakdown of the coating of the preparation or selective breakdown of a polymer 



matrix. 



In a preferred aspect, the slow release formulation is prepared as 
microspheres in a size distribution range suitable for local injection. The diameter 
and shape of the microspheres or other particles can be manipulated to modify the 
release characteristics. For example, larger diameter microspheres will typically 
provide slower rates of release and reduced tissue penetration and smaller diameters 
of microspheres will produce the opposite effects, relative to microspheres of 
different mean diameter but of the same composition. In addition, other particle 
shapes, such as, for example, cylindrical shapes, can also modify release rates by 
virtue of the increased ratio of surface area to mass inherent to such alternative 
geometrical shapes, relative to a spherical shape. 

In a further aspect, the local anesthetic can be provided in a controlled 
release form and a glucocorticosteroid can also be included in the local anesthetic 
formulation. Thus, in this aspect, the invention provides microspheres containing 
both local anesthetic and at least one glucocorticosteroid, wherein the controlled 
release microspheres are formulated to begin releasing the glucocorticosteroid 
simultaneously with the release of the local anesthetic and/or after a predetermined 
time period post-injection, when it is desired to restore or prolong the initial local 
anesthesia. In a particular aspect of a combined local anesthetic - 
glucocorticosteroid formulation, pellets, spheroids and microspheres and the like 
can be prepared to comprise an outer layer of controlled release local anesthetic 
agent coated on a substrate comprising a glucocorticosteroid in immediate release 
or in controlled release form, in order to effect a predetermined order of release of 
the respective agents. 

The artisan will appreciate that the pharmaceutically acceptable composition 
comprising a glucocorticosteroid agent can be administered by any art known 
method, including oral ingestion, systemic injection and local infiltration, infusion or 
injection. Thus, in addition to more conventional routes of administration, the 
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reactivating glucocorticosteroid agent can be placed in a controlled release 
formulation from which release can be optionally initiated and controlled by a signal 
generated outside of the patient's body. This aspect of the present invention 
provides for greater convenience and reduced patient discomfort by providing 
control of local anesthesia without requiring further injections. Thus, simply by way 
of example, a single injection of controlled release local anesthetic and a signal- 
controlled glucocorticosteroid formulation can be administered, e.g., before a 
surgical procedure. If the patient is not uncomfortable after the procedure, no 
reactivation of the local anesthesia will be required, If, as the initial anesthesia 
wanes, it is determined that reactivation is desirable, the rate of release of the 
glucocorticosteroid agent from the formulation previously administered is increased 
by application of an external signal. 

Such signal-controlled release formulations are known to the art and, simply 
by way of example, include polymer matrices embedded with small magnets which 
increase the rate of release of an incorporated active agent in the presence of 
oscillating magnetic fields (e. g., Edelman, 1993, Biomaterials 14(8):62 1-626; a 
hydrophilic polymer capable of a rapid increase in the rate of release of incorporated 
active agent upon the application of ultrasound (Miyazaki et al, 1988, Journal of 
Pharmacy & Pharmacology 40(10): 7 16-7 17) and a hydrophilic polymer matrix 
capable of delivering an incorporated active agent at increased rates, upon exposure 
to microwave radiation (Miyazaki et al., 1989, Chemical ^Pharmaceutical Bulletin 
27(1) 208-10). The artisan will, of course, appreciate that other signal-modulated 
polymer formulations are readily adaptable to the convenient practice of the present 
invention. 

For formulations of local anesthetic and/or glucocorticosteroid agents, the 
diameter of injectable microspheres are sized for convenience in administration by 
local infiltration, injection, infusion or application. Preferably, the microspheres 
range in size from about 5 microns to about 200 microns in diameter. In a more 
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preferred embodiment, the microspheres range in diameter from about 20 to about 
120 microns. 

The controlled release carrier and/or material should be biocompatible, e.g., 
safe for administration to a patient. In the case of polymeric materials, 
biocompatibility is enhanced by purification methods known to the art, e.g., 
recrystallization of either the monomers forming the polymer and/or the polymer 
using standard techniques. 

In another embodiment, the carrier is a biocompatible, non-inflammatory 
and nonbiodegradable polymer such as, e.g., ethylene vinyl acetate ("EVA"). Such 
a nonbiocompatible polymer permits inserted or injected formulations to remain 
localized and able to be removed, intact, should that be required. Biodegradable 
carriers soften and lose their structural integrity over time, making the task of 
emergency removal difficult, if not impossible. 

Polymers that are pharmaceutically acceptable, i.e., biocompatible, can be 
utilized as the controlled release material. Such polymers can be selected from a 
variety of sources including co-polymers of hydroxy acids such as lactic acid and 
glycolicacid, polyglycolic acid, polylactic acid, polyanhydrides, polyoithoestens, 
polycaprolactones, polyphosphazenes, polysaccharides, proteinaceous polymers, 
soluble derivatives of polysaccharides, soluble derivatives of proteinaceous 
polymers, polypeptides, polyesters, and polyorthoesters. The polysaccharides may 
be poly-l,4-glucans, e.g., starch glycogen, amylose and amylopectin, and the like. 
The hydrophilic or hydrophobic polymer may be a water-soluble derivative of a 
poly-l,4-glucan, including hydrolyzed amylopectin, hydroxyalkyl derivatives of 
hydrolyzed amylopectin such as hydroxyethyl starch (HES), hydroxyethyl amylose, 
dialdehyde starch, and the like. Optionally, the polymers are also biocompatible 

Preferred controlled release materials which are useful in the formulations of 
the invention include the polyanhydrides, co-polymers of lactic acid and glycolic 
acid wherein the weight ratio of lactic acid to glycolic acid is no more than 4: 1 (i.e., 
80% or less lactic acid to 20% or more glycolic acid by weight), and 
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polyorthoesters containing a catalyst or degradation enhancing compound, for 
example, containing at least 1% by weight anhydride catalyst such as maleic 
anhydride. Other useful polymers include protein polymers such as gelatin and 
fibrin and polysaccharides such as hyaluronic acid. Since polylactic acid takes at 
least one year to degrade in vivo, this polymer should be utilized by itself only in 
circumstances where such a degradation rate is desirable or acceptable. 

Proteinaceous polymers may also be used. Proteinaceous polymers and 
their soluble derivatives include gelation biocompatible synthetic polypeptides, 
elastin, alkylated collagen, alkylated elastin, and the like. Biocompatible synthetic 
polypeptides also include poly-(N-hydroxya!kyl)-L-asparagine, poly-(N- 
hydroxyalkyl)-L-glutamine, copolymers of N-hydroxyalkyl-L-asparagine and N- 
hydroxyalkyl-L-glutamine with other amino acids. Suggested amino acids include 
L-alamine, L-lysine, L-phenylalanine, L-valine, L-tyrosine, and the like 

In embodiments where the biocompatible polymer comprises a gel, one such 
useful polymer is a thermally gelling polymer, e.g., polyethylene oxide, 
polypropylene oxide (PEO-PPO) block copolymer such as Pluronic® F127 from 
BASF Wyandotte. In such cases, the local anesthetic formulation may be injected 
via syringe as a free-flowing liquid, which gels rapidly above 30°C (e.g., when 
injected into a patient). The gel system then releases a steady dose of local 
anesthetic at the site of administration. 

In additional embodiments of the invention, the controlled release material, 
which in effect acts as a carrier for the local anesthetic and/or the glucocorticoid 
agent, can further include a bioadhesive polymer such as pectins (polygalacturonic 
acid), mucopolysaccharides (hyaluronic acid, mucin) or non-toxic lectins or the 
polymer itself may be bioadhesive, e.g., polyanhydride or polysaccharides such as 
chitosan. 

Definitions or further descriptions of any of the foregoing terminology are 
well known in the art and may be found by referring to any standard biochemistry 
reference text such as "Biochemistry" by Albert L. Lehninger, Worth Publishers, 
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Inc. and "Biochemistry" by Lubert Stryer, W.H. Freeman and Company, both of 
which are hereby incorporated by reference. 

The aforementioned biocompatible hydrophobic and hydrophilic polymers 
are particularly suited for the methods and compositions of the present invention by 
reason of their characteristically low human toxicity and virtually complete 
biodegradability. 

The term "microspheres" are defined for purposes of the present invention 
as particles comprising local anesthetic and pharmaceutically acceptable controlled 
release material, e.g., the aforementioned polymeric materials (used as a controlled 
release carrier for the drug) which are preferably anywhere from about 20 microns 
to about 200 microns, and more preferably from about 45 to about 90 microns in 
diameter. The microspheres are preferably formed in such a size as to be injectable. 
For purposes of the present invention, the term "microsphere" encompasses 
"microparticle" and "microcapsule". The polymeric material used in the 
microspheres of the present invention preferably have a molecular weight from 
about 5,000 to about 200,000. 

The polymeric material may be prepared by any method known to those 
skilled in the art. For example, where the polymeric material is comprised of a 
copolymer of lactic and glycolic acid, this copolymer may be prepared by the 
procedure set forth in U.S. Patent No. 4,293,539 (Ludwig, et al ), hereby 
incorporated by reference. Basically, therein the copolymers are prepared by 
condensation of lactic acid and glycolic acid in the presence of a readily removable 
polymerization catalyst (e.g., a strong acid ion-exchange resin such as Dowex 
HCR-W2-H). The amount of catalyst is not critical to the polymerization, but 
typically is form about 0.01 to about 20 parts by weight relative to the total weight 
of combined lactic acid and glycolic acid. The polymerization reaction may be 
conducted without solvents at a temperature from about 100° C to about 250° C 
for about 48 to about 96 hours, preferably under a reduced pressure to facilitate 
removal of water and by-products. The copolymer is then recovered by filtering the 
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molten reaction mixture to remove substantially all of the catalyst, or by cooling and 
then dissolving the reaction mixture in an organic solvent such as dichloromethane 
or acetone and then filtering to remove the catalyst. 

Polyanhydrides may be prepared in accordance with the methods set forth in 
U.S. Patent No. 4,757,128, hereby incorporated by reference. For example, 
polyanhydrides may be synthesized by melt polycondensation of highly pure 
dicarboxylic acid monomers converted to the mixed anhydride by reflux in acetic 
anhydride, isolation and purification of the isolated prepolymers by recrystallization, 
and melt polymerization under low pressure (10* 4 mm) with a dry ice/acetone trap at 
a temperature between 140°-250° C. for 10-300 minutes. High molecular weight 
polyanhydrides are obtained by inclusion of a catalyst which increases the rate of 
anhydride interchain exchange, for example, alkaline earth metal oxides such as 
CaO, BaO and CaC0 3 . Polyorthoester polymers may be prepared, e.g., as set forth 
in U.S. Patent No. 4,070,347, hereby incorporated by reference. 

Various commercially available poly (lactide-co-glycolide) materials 
(PLGA) maybe used in the preparation of the formulations, e.g., microspheres of 
the present invention. For example, poly(d,l-lactic-co-glycolic acid) are 
commercially available. A preferred commercially available product is a 50:50 poly 
(D,L) lactic co-glycolic acid having a mole percent composition of 50% lactide and 
50% glycolide. Other suitable commercially available products are 65:35 DL, 75:25 
DL, 85 :15 DL and poly(d,l-lactic acid) (d,I-PLA). For example, poly(lactide-co- 
glycolides) are also commercially available from Boehringer Ingelheim (Germany) 
under its Resomer© mark, e.g., PLGA 50:50 (Resomer RG 502), PLGA 75:25 
(Resomer RG 752) and d,l-PLA (resomer RG 206), and from Birmingham 
Polymers (Birmingham, Alabama). These copolymers are available in a wide range 
of molecular weights and ratios of lactic to glycolic acid. 

The polymers utilized in the microspheres of the present invention may be 
prepared, e.g., by the condensation of lactic acid and glycolic acid in the presence of 
a readily removable polymerization catalyst. Such catalysts include strong acid ion- 
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exchange resins in the form of beads or similarly hard structures which are easily 
removed by filtration or similar techniques. Further information concerning the 
preparation of the copolymers of the present invention is readily available to those 
skilled in the art, and may be ascertained from, e.g., U.S. Patent No. 4,293,539 
(Ludwig, et al.), hereby incorporated by reference. 

Pharmaceutical^ acceptable polyanhydrides which are useful in the present 
invention have a water-labile anhydride linkage. The rate of drug release can be 
controlled by the particular polyanhydride polymer utilized and its molecular 
weight. The polyanhydride polymer may be branched or linear. Examples of 
polyanhydrides which are useful in the present invention include homopolymers and 
copolymers of poly(lactic acid) and/or poly(glycolic acid), poly[bis(p- 
carboxyphenoxy)propane anhydride] (PCPP), poly[bis(p-carboxy)methane 
anhydride] (PCPM), polyanhydrides of oligomerized unsaturated aliphatic acids, 
polyanhydride polymers prepared from amino acids which are modified to include 
an additional carboxylic acid, aromatic polyanhydride compositions, and co- 
polymers of polyanhydrides with other substances, such as fatty acid terminated 
polyanhydrides, e.g., polyanhydrides polymerized from monomers of dimers and/or 
trimers of unsaturated fatty acids or unsaturated aliphatic acids. 

Other polymers may be employed, as described in co-owned U.S. Serial No. 
08/714,782, filed on September 16, 1996 (Attorney Docket No. 200.1015CIP), the 
disclosure of which is incorporated by reference herein in its entirety. 

The biocompatible controlled release microspheres of the present invention 
may be prepared by any procedure known to those skilled in the art. Methods for 
the manufacture of microspheres include solvent evaporation, phase separation and 
fluidized bed coating. 

Thus, in certain preferred embodiments, the microspheres may be obtained 
by utilizing a solvent extraction technique (reactor process) which involves 
dissolving the drug and the polymer in an organic solvent such as ethyl acetate. 
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This solution thereby obtained (the dispersed phase) is added to a solution of, e.g., 
polyvinyl alcohol (PVA) in water (the continuous phase) with stirring. The 
emulsion thereby formed is then added to water in order to extract the solvent and 
to harden the microspheres. The mixture is then filtered and the microspheres are 
dried. One appropriate method of drying is, e.g., under vacuum at room 
temperature. Optionally, the microsphere may be dried by a freeze drying process. 
The desired particle size fraction is then collected by sieving. The organic solvent 
utilized is preferably ethyl acetate; however, any pharmaceutical^ acceptable 
organic solvent may be utilized, such as acetone, ethanol, diethyl ether, methanol, 
benzyl alcohol, methylene chloride, petroleum ether or others. This procedure is 
particularly useful for preparing microspheres of e.g., bupivacaine base or free-base 
forms of glucocorticoids. 

Alternatively, the microspheres of bupivacaine base and/or glucocorticoid 
may be prepared by dissolving the drug and polymer in ethyl acetate and thereafter 
spray drying the solution. 

In instances where the microspheres are to incorporate drugs which are very 
water soluble and insoluble in ethyl acetate, such as bupivacaine HCI and/or water 
soluble glucocorticoids, the microspheres may be prepared using a coacervation/ 
phase separation rather than the solvent extraction technique described above 
However, the solvent extraction technique can be used with e.g., bupivacaine HCI 
and/or water soluble glucocorticoids due to its low water solubility at pH 7.4 and 
above. The coacervation/phase separation technique utilized involves dissolving the 
polymer in ethyl acetate and suspending micronized bupivacaine HCI in the 
solution. Silicone oil is then added to form the microspheres. This mixture is then 
added to heptane to harden the microspheres, which are then separated by filtration. 
The microspheres are dried under a vacuum at room temperature. The desired 
particle size fraction is then collected by sieving. 



WO 98/10769 



PC17US97/16663 



23 

Alternatively, microspheres prepared using bupivacaine HCI and/or 
glucocorticoids may be accomplished by suspending the drug in a solution of 
polymer in ethyl acetate or in methylene chloride and methanol and spray drying. 

Further, the drug or drugs may be dissolved in water, and the polymer may 
be dissolved in ethyl acetate. The water phase then can be added to the organic 
phase and either homogenized or sonicated to yield a W/O emulsion. The drug 
being in the water phase would then be surrounded by polymer (oil phase). This is 
then poured into PVA solution in water with homogenization to form a W/O/W 
emulsion. The solvent diffuses out, leaving microspheres. Additional cold water 
can be added to harden the microspheres. This process may yield more uniform 
microspheres without requiring micronization of the drug. Also, as the drug will be 
surrounded by polymer, the release of the drug may be more uniform and would be 
diffusion-controlled. 

In fluidized bed coating, the drug is dissolved in an organic solvent along 
with the polymer. The solution is then processed, e.g., through a Wurster air 
suspension coater apparatus to form the final microcapsule product. 

The ultimate drug content of the microspheres according to the present 
invention may be varied substantially, depending upon whether a high load or a low 
load formulation procedure is utilized. In certain preferred embodiments (e.g., 
where the drug is bupivacaine), the drug content of the microspheres, by weight, 
may be from about 0. 1 to about 90%, preferably from about 30% to about 90% and 
more preferably from about 60% to about 85% of the total weight of the micro- 
sphere, and most preferably, about 75% by weight. 

In one preferred embodiment of the present invention, the drug included in 
the microspheres is a local anesthetic either of the ester or amide type. Suitable 
local anesthetics of the ester type include the benzoic acid esters (e.g., piperocaine, 
meprylcaine, isobucaine), the para-aminobenzoic acid esters (e.g., procaine, 
tetracaine, butethamine, propoxycaine, chloroprocaine); meta-aminobenzoic acid 
esters (e.g., metabutethamine, primacaine), paraethoxybenzoic acid esters (e.g., 
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parethoxycaine), and their pharmaceutical^ acceptable salts. The non-esters 
include, e.g., lidocaine, mepivacaine, pyrrocaine, prilocaine, bupivacaine, etido- 
caine, pharmaceutical^ acceptable salts. A most preferred local anesthetic is 
bupivacaine. 

In certain preferred embodiments of the present invention, the microspheres 
incorporate bupivacaine as the drug in an amount from about 45% to about 70% by 
weight, the copolymer being PLGA 50:50 of a molecular weight from about 5,000 
to about 200,000. 

The microspheres of the present invention preferably provide a sustained 
action in the localized area to be treated. For example, when the drug included in 
the microspheres is bupivacaine, it would be desirable that such a formulation could 
provide localized anesthesia to the area in question for a period of one day, two 
days, three days, or longer. When the incorporated drug is a glucocorticoid, it 
would be desirable that the formulation could provide reactivation and/or 
prolongation for a period of e.g., 8 hours, 1, 2, 3 or up to 4 days or longer. The 
formulations can therefore, of course, be modified in order to obtain such a desired 
result. 

The microspheres of the present invention may be utilized as a controlled 
release formulation to deliver local anesthetic, glucocorticoid reactivating agent 
and/or combinations of the same, preferably by incorporating an effective amount of 
the same into a pharmaceutically acceptable solution (e.g., water) or suspension for 
injection. The final reconstituted product viscosity may be in a range suitable for 
the route of administration. In certain instances, the final reconstituted product 
viscosity may be, e.g., about 35 cps. Administration may be via the subcutaneous 
or intramuscular route. However, alternative routes are also contemplated, and the 
formulations may be applied to the localized site in any manner known to those 
skilled in the art, such that a localized effect is obtained. The microsphere 
formulations of the present invention can be implanted at the site to be treated. 
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Thereby, the formulations of the present invention, when including a local 
anesthetic, may be used in the control of post-operative pain. 

The dosage of the controlled release microsphere formulations of the 
present invention is dependent upon the kind and amount of the drug to be 
administered, the recipient animal, and the objectives of the treatment. For 
example, when the drug included in the microspheres of the present invention is 
bupivacaine, the formulation may include, e.g., from about 0.5 to about 2 mg/kg 
body weight. Since the formulations of the present invention are controlled release, 
it is contemplated that formulations may include much more than usual immediate 
release doses, e.g., as much as 450 mg/kg bupivacaine or more. 

The effective dose of bupivacaine, or an amount of another local anesthetic 
sufficient to provide equivalent potency (i.e., equally effective doses), can range 
from about 1 to about 50 mg of bupivacaine injected or inserted at each site where 
the release of a local anesthetic agent is desired. In certain preferred embodiments, 
the dose of bupivacaine in the controlled release dosage form of the invention is 
sufficient to provide a controlled release of about 1 to about 30 mg of local 
anesthetic per hour at the release site for the desired duration of anesthesia, e.g., a 
time period ranging from about 8 to about 4 days or more, from about I to about 
24 hours, or from about 1 to about 12 hours or even from about 1 to about 8 hours. 

It is possible to tailor a system to deliver a specified loading and subsequent 
maintenance dose by manipulating the percent drug incorporated in the polymer and 
the shape of the matrix or formulation, in addition to the form of local anesthetic 
(e.g., free base versus salt) and the method of production. The local anesthetic is 
incorporated into the polymer or other controlled-release formulation in a percent 
loading between 0. 1% and 90%, by weight, preferably between about 5% and 75%, 
by weight and, more preferably from about 60% to about 80% by weight. 

The amount of drug released per day increases proportionately with the 
percentage of drug incorporated into the formulation, e.g., matrix (for example, 
from 5 to 10 to 20%). In one preferred embodiment, polymer matrices or other 
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formulations comprising from about 70% to about 75% by weight, of local 
anesthetic, are utilized, although it is possible to incorporate substantially more 
drug, depending on the drug, the method used for making and loading the 
formulation, and the polymer. It should be noted that in a preferred embodiment, 
5 formulations prepared according to the present invention, e.g., as microspheres, can 

be loaded with, e.g., 75% by weight of bupivacaine free base, and nevertheless 
provide a controlled release of bupivacaine, in vitro, without any " dose-dumping " 
effect. 

A desired release profile of an incorporated drug or drugs can be achieved 

10 by using a mixture of microspheres formed of polymers having different release 

rates and/or different percent loading of local anesthetic and/or glucocorticosteroid 
agent, for example, polymers releasing in one day, three days, and one week, so that 
linear release is achieved even when each polymer per se does not release linearly 
over the same time period. In addition, a mixture of microspheres having one or 

15 more different local anesthetic agents, having the same or different controlled 

release profile, can be utilized to provide the benefits of different potencies and 
spectrum of activity during the course of treatment. 

The biocompatible controlled release materials may also be used in order to 
prepare controlled release local anesthetic implants. The implants may be 

20 manufactured, e.g., by compression molding, injection molding, screw extrusion 

and hot melt methods, whereby the local anesthetic agent is loaded into the 
polymer. Implantable fibers can be manufactured, e.g., by blending the local 
anesthetic agent with the controlled release material and then extruding the mixture, 
e.g., under pressure, to thereby obtain biocompatible fibers. In certain preferred 

25 embodiments, the glucocorticosteroid agent may be incorporated into the implant, 

or may be coated onto a surface of the implant. 

In other embodiments of the invention, the controlled release material 
comprises an artificial lipid vesicle, or liposome. Liposomes are well known in the 
art as carriers of bioactive or pharmacologically active substances such as drugs. 
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Liposomes as described herein will vary in size. Preferably, the liposomes have a 
diameter between 100 nm and 10 microns or greater. A wide variety of lipid 
materials may be used to form the liposomes including natural lecithins, e.g., those 
derived from egg and soya bean, and synthetic lecithins, the proviso being that it is 
preferred that the lipids are non-immunogenic and bio-degradable. Also, lipid- 
based materials formed in combination with polymers may be used, such as those 
described in U.S. Patent No. 5, 188,837 to Domb, (incorporated by reference 
herein). 

Examples of synthetic lecithins which may be used together with their 
respective phase transition temperatures, are di-(tetradecanoy)phosphatidylcholine 
(DTPC) (23° C), di-(hexadecanoyl)phosphatidylcholine (DHPC) (41 c C) and di- 
(octandecanoyl) phosphatidylcholine (DOPC) (55° C). Di-(hexadecanoyl) 
phosphatidycholine is preferred as the sole or major lecithin, optionally together 
with a minor proportion of the di-(octadecanoyl) or the di-(tetradecanoyl) 
compound. Other synthetic lecithins which may be used are unsaturated synthetic 
lecithins, for example, di-(oleyl)phosphatidyl-choline and di- 
(linoleyl)phosphatidylcholine. In addition to the main liposome-forming lipid or 
lipids, which are usually phospholipids, other lipids (e.g. in a proportion of 5-40% 
w/w of the total lipids) may be included, for example, cholesterol or cholesterol 
stearate, to modify the structure of the liposome membrane, rendering it more fluid 
or more rigid depending on the nature of the main liposome-forming lipid or lipids. 

Liposomes may be prepared by dissolving an appropriate amount of a 
phospholipid or mixture or phospholipids together with any other desired lipid 
soluble components (e.g., cholesterol, cholesterol stearate) flowing in a suitable 
solvent (e.g., ethanol) and evaporating to dryness. An aqueous solution of the local 
anesthetic, optionally with glucocoiticosteroid agent, may then be added and mixed 
until a lipid film is dispersed. The resulting suspension will contain liposomes 
ranging in size, which may then fractionated to remove undesirable sizes, if 
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necessary. This fractionation may be effected by column gel chromatography, 
centrifugation, ultracentrifiigation or by dialysis, as well known in the art. 

The above method of preparation of liposomes is representative of a 
possible procedure only. Those skilled in the art will appreciate that there are many 
different methods of preparing liposomes, all of which are deemed to be 
encompassed by the present disclosure. 

It is possible to tailor a system to deliver a specified loading and subsequent 
maintenance dose of local anesthetic by manipulating the percent drug incorporated 
in a controlled release carrier. When the controlled release carrier is a polymer 
and/or matrix formulation, it is possible to manipulate and the shape of the matrix 
or formulation, in addition to the form of local anesthetic (e.g., free base versus 
salt) and the method of production. The amount of drug released per day increases 
proportionately with the percentage of drug incorporated into the formulation, e.g., 
matrix (for example, from 5 to 10 to 20%). In the preferred embodiment, polymer 
matrices or other formulations with about 75% drug incorporated are utilized, 
although it is possible to incorporate substantially more drug, depending on the 
drug, the method used for making and loading the device, and the polymer. 

In a preferred embodiment, the controlled release formulation comprising 
local anesthetic provides, in vitro, from about 10 to about 60 percent release of 
local anesthetic after 24 hours, from about 20 to about 80 percent release after 48 
hours and from about 40 to about 100 percent release after 72 hours. 

In a more preferred embodiment, the controlled release formulation 
comprising local anesthetic provides a preferred rate of release, in vitro, from about 
25 to about 40 percent release of local anesthetic after 24 hours, from about 40 to 
about 50 percent release after 24 hours and from about 45 to about 55 percent 
release after 72 hours and 80 to 100 percent cumulative release is provided after 
about 280 hours. 

The initial local anesthesia can be induced by administration of an 
anesthetically effective amount of a local anesthetic agent or a mixture of local 
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anesthetic agents. Optionally, the initial local anesthesia can be induced by 
administration of an anesthetically effective amount of a local anesthetic agent or a 
mixture of local anesthetic agents together with a glucocorticoid agent or a mixture 
of glucocorticoid agents. 

The time period during which a glucocorticoid agent can be administered for 
reactivation of local anesthesia ranges from about 1 hour after administration of the 
initial local anesthetic dose to about 72 hours or longer. In particular, the time 
period during which successful reactivation can be initiated ranges from about 1 
hour after administration of the initial local anesthetic dose to about 72 hours, or 
more. More particularly, the time period during which successful reactivation can 
be initiated ranges from about 1 to about 24 hours, from about 1 to about 12 hours, 
from about 1 to about 6 hours, from about 1 to about 4 hours, from about 4 to 
about 72 hours and from about 4 to about 24 hours, after the time that the (e.g., 
first) local anesthetic was administered. 

In another aspect, when the local anesthetic effect is reactivated or restored 
by the use of an glucocorticosteroid agent, the total duration of the obtained local 
anesthesia ranges from about 1.1 to about 14 fold, or more, of the duration of local 
anesthesia induced by controlled release local anesthetic without 
glucocorticosteroid enhancement. In a preferred embodiment, the methods, the 
prolongation ranges from about 6 to about 13 fold of the duration of local 
anesthesia induced by controlled release local anesthetic without 
glucocorticosteroid enhancement. The duration, measured from the time of 
administration of the local anesthetic, of the reactivated local anesthesia ranges 
from about 0.1 to about 72 hours or greater. In particular, the duration, measured 
from the time of administration of the reactivating composition, of the reactivated 
local anesthesia ranges from about 1 to about 48 hours or greater. Further, the 
duration of the local anesthetic effect reactivated by a glucocorticosteroid ranges 
from about 8 to about 30 hours, from the time of administration of the local 
anesthetic. 
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The rate of release of local anesthetic agent, glucocorticosteroid agent or 
other drugs incorporated into the controlled release formulations according to the 
invention will also depend on the solubility properties of the selected local 
anesthetic glucocorticosteroid or other drug. The greater the solubility in water, 
the more rapid the rate of release in tissue, all other parameters being unchanged. 
For example, those local anesthetic agents having pH dependent solubility will be 
released more rapidly at a pH lower than the pKa value for each such compound. 
Thus, the formulation may be optimized for the desired local anesthetic release rate 
by selecting local anesthetic agents having a desired water solubility in tissue, e.g., 
at tissue pH. Thus, a local anesthetic agent that is more soluble at acid pH will have 
a faster release rate in a relatively acidic (e.g., pH less than about 7.2) tissue. For 
example, in one embodiment, the formulation will have released, in vitro, at least 70 
percent of a local anesthetic at 48 hours at about pH 6 and will have released at 
least 40 percent of a local anesthetic at a pH ranging from about 7.4 to about 8, at 
48 hours. Other combinations are pH independent in their release. 

Glucocorticosteroids and synthetic analogs that are useful to prolong the 
duration of anesthesia include glucocorticosteroids such as dexamethasone, 
cortisone, prednisone, hydrocortisone, beclomethasone dipropionate, 
betamethasone, flunisolide, methylprednisone, paramethasone, prednisolone, 
triamcinolone, alclometasone, amcinonide, clobetasol, fludrocortisone, diflorasone 
diacetate, fluocinolone acetonide, fluocinonide, fluorometholone, flurandrenolide, 
halcinonide, medrysone and mometasone and pharmaceutically-acceptable mixtures 
and salts of the same, and others that are routinely administered orally or by 
injection. 

In a preferred aspect, an amount of a glucocorticosteroid agent effective to 
restore or reactivate a previously administered local anesthesia is administered 
when the previous anesthesia begins to wane. In another preferred aspect, 
glucocorticosteroid agent is administered after the previous local anesthesia has 
substantially or fully worn off. For example, an effective amount of a composition 
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that includes a glucocorticosteroid agent or mixtures of such agents is administered 
at time ranging from about 1 to about 72 hours, or more, from about 1 to about 24 
hours or more, from about 1 to about 12 hours, and from about 1 hours to about 2 
hours, after the local anesthesia begins to subside or wear off. 

When the glucocorticosteroid agent is included in a controlled release 
formulation, alone or further comprising local anesthetic, it has been found that 
useful loadings of glucocorticosteroid agent are from 0.001 to 30% by weight of 
the dosage form or about 0.005% to about 13% relative to the weight of the local 
anesthetic in order to provide prolonged release, e.g., for from 1 hour to 100 hours, 
or more or from, e.g., about 1 hour to about 72 hours, from about 1 hour to about 
24 hours, from about 1 hour to about 8 hours and from about 1 hour to about 4 
hours of controlled release. 

In those instances where the glucocorticosteroid agent is dexamethasone, it 
is preferred that the dexamethasone comprises from, e.g., about 0.005 to about 
0.5% of the controlled release formulation. Of course, the dosages of other 
glucocorticosteroids must be adjusted relative to the potency of dexamethasone 
The dosage must be low enough to avoid toxicity. In one aspect, the combination 
of a glucocorticosteroid agent and a local anesthetic in a single controlled release 
formulation is designed for sequential release of first the local anesthetic and then 
the glucocorticosteroid agent. 

When the formulation for inducing the initial local anesthesia is in injectable 
form, and at least a portion of the glucocorticosteroid agent is included in the 
aqueous injection medium, the amount of glucocorticosteroid agent is from, e.g., 
about 0.001% to about 20% relative to the weight of the local anesthetic. When 
the glucocorticosteroid agent is dexamethasone that is included in the injection 
media, it is preferred that the dexamethasone be from, e.g., about 0.01% to about 
1.3% or more, relative to the weight of the local anesthetic. 

The examples demonstrate that glucocorticosteroid agents such as 
dexamethasone restore or reactivate local anesthesia in vivo. Potential applications 
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include any condition for which reactivation of previously administered localized 
anesthesia is desirable. This includes both anesthesia for the relief of pain and 
motor symptoms as well as anesthesia for other medical purposes. The 
formulations and methods according to the invention can be used to provide 
intermittent and/or two to five day intercostal blockade or anesthetic effect for 
thoracotomy, or longer term intercostal blockade or anesthetic effect for thoracic 
post-therapeutic neuralgia, lumbar sympathetic blockade or anesthetic effect for 
reflex sympathetic dystrophy, or three-day ilioinguinal/iliohypogastric blockade or 
anesthetic effect for hernia repair. Other potential applications include obstetrical 
or gynecological procedures. Yet further potential applications include providing 
localized temporary sympathectomy, e.g., blockade or anesthetic effect of 
sympathetic or parasympathetic ganglia to treat a variety of autonomic diseases, 
including circulatory dysfunction or cardiac dysrhythmias. The formulations may 
also be used to treat trigeminal neuralgia and other diseases of the cranial nerves as 
well as to provide temporary anesthesia to treat localized muscle spasm and 
treatment of retrobulbar conditions, e.g., eye pain. 

Other uses include intra-operative administration in order to reduce pain 
during and after the operative procedure, especially for plastic surgery procedures 
where prolonged anesthesia will enhance the outcome. These are merely examples, 
and additional uses for both human and veterinary practice are immediately 
apparent to the artisan. 

Methods of Administration 

In a preferred method of administration a dosage form, e.g., microspheres, 
are administered by injection into a site where local anesthetic agent is to be 
released to provide an initial localized anesthesia. Microspheres may be e.g., 
applied topically, infiltrated, infused or injected through a syringe or a trochar. 
Pellets or slabs may be surgically placed into a site where release of oral anesthetic 
agent is desired. 
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As described below, microspheres according to the invention can be 
administered alone or in combination with a controlled release formulation and/or a 
solution including a steroidal anti-inflammatory or other glucocorticosteroids in an 
amount effective to prolong the duration of local anesthesia. Alternatively, the 
microspheres include an amount of steroidal anti-inflammatory effective to prolong 
and/or reactivate a local anesthesia. 

In another alternative, one or more glucocorticosteroids can be administered 
before, simultaneously with or after administration of the controlled release local 
anesthetic, wherein the glucocorticosteroid is formulated into a separate 
microsphere formulation for controlled release. The controlled release rate for the 
glucocorticosteroids may be the same as or different than the controlled release rate 
for the local anesthetic. In a further embodiment, it has been found that an 
additional dose of glucocorticosteroid may also be administered as an injectable 
solution, in an injectable carrier or in a controlled release carrier to the nerve to be 
treated after the controlled release local anesthesia has wom off, in order to 
reactivate the initial anesthesia without the co-administration of additional local 
anesthetic. 

The microspheres may be prepared from PLGA polymers ranging from, for 
example, PLGA in a ratio of 50.50, 65:35 or 75:25. An optimum composition has 
been determined to be PLGA 65:35. 

The artisan will appreciate that, as with all local anesthetics, the dosage of 
local anesthetic containing microspheres will vary and will depend, simply by way of 
example, upon the area to be anesthetized, the vascularity of the tissues, the number 
of neuronal segments to be treated, the size and weight of the patient (e.g., 
veterinary practice, human child, human adult) individual tolerance and the 
technique of anesthesia. Of course, under normal circumstances, the lowest dosage 
need to provide effective anesthesia should be administered 

The microspheres, formulated with, e.g., PLGA 65:35 microspheres are 
administered in a dose ranging from, for example, 1 through 450 mg per kg of body 
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weight, of microspheres 75% (w/w) loaded with a local anesthetic such as 
bupivacaine, per kg of body weight. In a preferred embodiment the dose ranges 
from 5 through 250 mg of microspheres/kg of body weight. In a more preferred 
embodiment the dose ranges from about 10 to about 150 mg of microspheres/kg of 
body weight, with PLGA 65:35. 

An effective dose of a local anesthetic, such as bupivacaine, is typically 
administered in microspheres comprising, e.g., 75% by weight bupivacaine, and can 
range from about 0.5 to about 1000 mg, or more, of bupivacaine, depending on the 
site to be anesthetized, the number of segments to be anesthetized and the patient, 
as discussed above. Preferably, a dose ranging from about 1 mg to about 500 mg 
of bupivacaine is administered, or even a dose ranging from about 5 mg to about 
100 mg of bupivacaine is administered at the site and/or sites to be anesthetized. 

Certainly, the artisan will appreciate the fact that the dose ranges mentioned 
above are based on the potency of bupivacaine, and that exact effective dosages will 
vary with the particular relative potency and pharmacokinetics of each local 
anesthetic and will be able to readily adjust the dose according to the degree of 
anesthesia experienced by the patient. 

The formulation described herein can also be used to administer local 
anesthetic agents that produce modality-specific anesthesia, as reported by 
Schneider, et aL Anesthesiology. 74:270-281 (1991), or that possess physical- 
chemical attributes that make them more useful for sustained release then for single 
injection anesthesia, as reported by Masters, et aL, Soc Nenrosci Ahstr r 18:200 
(1992), the teachings of which are incorporated herein. 

Administration of formulations according to the invention may require the 
use of a vehicle, e.g., any vehicle that is pharmaceutical^ acceptable for the desired 
route of administration. Thus, for topical administration, the formulations prepared 
according to the invention comprising local anesthetic and/or glucocorticoid may be 
dissolved (e.g., for immediate release forms) or suspended (e.g., for microparticles) 
in vehicles including buffered solutions, e g, saline solution, including, e.g, 
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hypotonic and/or buffered saline, as well as in creams, ointments, oils, emulsions, 
liposomes and the like and/or any other art-known pharmaceutically acceptable 
topical vehicle. For administration by injection and/or infiltration, the formulations 
according to the invention may be suspended (e.g., for microparticles), or dissolved 
(e.g., for immediate release forms), in any art-known vehicle suitable for injection 
and/or infiltration. Such vehicles include, simply by way of example, isotonic 
saline, buffered or unbuffered and the like and/ and may optionally include any .other 
art known ingredients or agents, e.g., colorants, preservatives, antibiotics, 
epinephrine and the like. A more complete listing of art-known vehicles for 
administration of formulations topically, by systemic administration and/or local 
injection and/or infiltration is provided by reference texts that are standard in the 
art, for example, Remington's Pharmaceutical Sciences, 16th Edition, 1980 
and 17th Edition, 1985, both Published by Mack Publishing Company, Easton, 
Pennsylvania, the disclosures of which are incorporated by reference herein in their 
entireties. 

Clinical Utility 

It will also be appreciated that the local anesthetic formulations and methods 
according to the invention can generally employed in any art known localized 
procedures for anesthetizing a patient. For example, for surface anesthesia, 
microsphere suspensions or other forms of controlled release carrier, e.g., 
microsphere, cellulose based polymers and/or gum matrices in paste form, suitable 
for topical application, are used to anesthetize mucous membranes, skin and for 
ophthalmologic^ use. Effective amounts of glucocorticoid agents can be included 
with the topical controlled release formulation or, optionally, at least a portion of 
the glucocorticoid agent can be separately administered in controlled release form, 
immediate release form and/or a combination thereof. 

In addition, the local anesthetic formulations and methods according to the 
invention can be used for infiltration anesthesia, wherein a formulation suitable for 
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injection is injected directly into the tissue requiring anesthesia. For example, an 
effective amount of the formulation in injectable form is infiltrated into a tissue area 
that is to be incised or otherwise requires local anesthesia. In addition, the local 
anesthetic formulations and methods according to the invention can be used for 
field block anesthesia, by injecting an effective amount of the formulation in 
injectable form in such a manner as to interrupt nerve transmission proximal to the 
site to be anesthetized. For instance, subcutaneous infiltration of the proximal 
portion of the volar surface of the forearm results in an extensive area of cutaneous 
anesthesia that starts 2 to 3 cm distal to the site of injection. Simply by way of 
example, the same effect can be achieved for the scalp, anterior abdominal wall and 
in the lower extremities. Effective amounts of glucocorticoid agents can be 
included with injectable controlled release formulation or, optionally, at least a 
portion of the glucocorticoid agent can be separately administered in controlled 
release form, immediate release form and/or a combination thereof. 

Further, for even more efficient results, the local anesthetic formulations and 
methods according to the invention can be used for nerve block anesthesia. For 
example, an effective amount of the formulation in injectable form is injected into 
or adjacent to individual peripheral nerves or nerve plexuses. Injection of an 
effective amount of a local anesthetic formulation according to the invention into 
mixed peripheral nerves and nerve plexuses can also desirably anesthetize somatic 
motor nerves, when required. The formulations and methods according to the 
invention can also be used for intravenous regional anesthesia by injecting a 
pharmacologically effective amount of microspheres in injectable form into a vein of 
an extremity that is subjected to a tourniquet to occlude arterial flow. 

Further still, spinal and epidural anesthesia using formulations, e.g., 
injectable microspheres and methods according to the invention will be appreciated 
by the artisan to be within the scope contemplated by the present invention. 

The formulation described herein can also be used to administer local 
anesthetic agents that produce modality-specific anesthesia, as reported by 
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Schneider, et ad.. Anesthesiology, 74:270-281 (1991), or that possess physical- 
chemical attributes that make them more useful for sustained release then for single 
injection anesthesia, as reported by Masters, et al., Soc. Neurosci. Abstr., 18:200 
(1992), the teachings of which are incorporated herein 

DETAILED DESCRIP TION OF THE PREFERRED EMBODIMENTS 
The following non-limiting examples illustrate the preparation of the 
formulations according to the invention and the effects of local anesthetic and 
glucocorticosteroid agents alone and in combination. 

Example 1: In YhV antl HI Vitro release nrofile of nnlvm^r l o cal anesthetic 
matrices containing anesthetic in com bination with 
glucocorticoid 

In vitro release profiles and the in vivo effects of bupivacaine and 
dexamethasone release were determined as follows. 
Methods and M«tori,f« 

Implants 

Copolymers of l,3-bis(p-carboxy-phenoxy)propane and sebacic acid (20:80) 
were synthesized and recrystallized to remove impurities. Polymer local anesthetic 
matrices were prepared in the form of pellets containing 10% and 20% L-cis- 
hydroxyproline (CHP) by weight of CPP:SA (20:80) copolymer or containing 20% 
crystalline bupivacaine-HCL by weight of CPP:SA 20:80 copolymer were produced 
using the hot melt procedure. Polymer local anesthetic matrices incorporating 
both bupivacaine and dexamethasone were synthesized via the hot melt procedure 
in the form of pellets, using a uniform mixture of dexamethasone and bupivacaine 
formed by combining dexamethasone dissolved in 95% ethanol with bupivacaine 
dissolved in 95% ethanol. The solution was air-dried under the hood at room 
temperature until the ethanol evaporated and left behind a well-dispersed mixture of 
dry crystalline dexamethasone and bupivacaine. The crystalline mixture was 
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pulverized under mortar and pestle and combined with copolymer. Control pellets 
contained only CPPrSA (20:80) copolymer and all pellets were synthesized with 
large bore Teflon® (polytetrafluoroethylene) tubing. 

Two different dosage sets of dexamethasone/bupivacaine pellets were 
produced: high dose (hd) dexamethasone and low dose (Id) dexamethasone. Hd- 
dexamethasone/ bupivacaine pellets contained approximately 60 ^g dexamethasone 
per pellet. Ld-dexamethasone/bupivacaine pellets contained approximately 15 jig 
per pellet. Both sets contained 20% bupivacaine by weight. 

In Vitro Styfas 

Tritium labeled dexamethasone (*H-dexamethasone) was purchased from 
New England Nuclear Corporation (Boston, MA). An aliquot consisting of ] 0 7 
counts was added to a mixture of 200 ng unlabeled dexamethasone and 190 mg 
bupivacaine dissolved in 95% ethanol. This solution was air-dried under the hood 
at room temperature until the ethanol evaporated and left behind a well-dispersed 
mixture of dry crystalline 3 H-labeled dexamethasone, unlabeled dexamethasone and 
bupivacaine. This dry crystalline mixture was pulverized under mortar and pestle 
and combined with 650 mg CPP:SA (20:80) copolymer. All 3 H- 
dexamethasone/unlabeled dexamethasone/ bupivacaine pellets were synthesized 
using large bore Teflon® tubing. Each pellet was placed in 5 mL of sterile IX PBS 
(phosphate-buffered saline) containing 1% sodium azide and incubated at 37°C. 
The incubated IX PBS media was removed and stored at -20 °C, and replaced with 
5 ml of fresh sterile IX PBS at 2 h, 6 h and 24 h time points and then once daily 
thereafter for 3 weeks. The 3 H released was counted using a liquid scintillation 
counter (Rackbeta 1214). 

Vn Studies 

Animals were implanted with 3 hd-dexamethasone/bupivacaine pellets or 3 
ld-dexamethasone/bupivacaine pellets on the experimental side. Control animals 
were implanted with 3 control pellets on the control side. 
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Surgery 

All animals were anesthetized with 3.5%-4.0% halothane in oxygen and 
maintained with 1.5%-2.0% halothane. Anesthesia was achieved within 3-5 
minutes post induction. Animals were tested by pinching of tailbase and pawpads 
to confirm the anesthetic state. The thigh area was shaved and an incision was 
made directly below the greater trochanter. The hamstrings were gently divided by 
blunt dissection to expose the sciatic nerve. Pellets were placed adjacent to the 
sciatic nerve under direct vision in the fascial plane deep to the hamstrings and the 
site was irrigated with 0.5 cc of antibiotic solution (5000 units/mL penicillin G 
sodium and 5000 ug/mL streptomycin sulfate) to prevent infection. The most 
superficial facial layer was closed with a single suture. The edges of the outer skin 
were approximated and closed with one to two surgical staples. 

For all rats, drug-containing pellets were implanted on the experimental 
side. The control (contralateral) side varied among the groups. 

Necropsy 

For autopsy, the skin of the dorsal thigh was removed. A midline transverse 
cut was made through each successive layer of hamstring muscle. A 3 cm segment 
of the sciatic nerve was removed from its exit point at the greater sciatic foramen to 
its branching point above the dorsal aspect of the knee joint. For light microscopy, 
a segment was fixed in 10% buffered formalin. 

Histology 

Nerves: For evaluation of sciatic nerves, cross-sections were processed, 
embedded in paraffin and sectioned at 2 pm and stained with hematoxylin eosin. 5- 
10 sections were studied via light microscopy by a pathologist in a blinded manner. 
Each cross-section was evaluated for (1) epineural inflammation, (2) epineural 
fibrosis, and (3) subperineural fibroblasts. Each parameter was rated on a severity 
scale of 0-4. A score of 0 = no change, 1 = mild, 2 = moderate, 3 = moderate- 
severe and 4 = severe. 
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Results 

In Hfty> Release nf de*«m«*hasnn* 

The release of dexamethasone from pellets was nearly linear for the first 8 
days and eventually reached a plateau by Day 21 . Approximately 60% of 
dexamethasone was released from pellets by Days 7-8 and by Day 21, 97% of 
dexamethasone was released. 

In vivo Results 

Sensory and Motor Anesthesia Among Animals 
Treated with dexamethasone and CHP 

Animals implanted with ld-dexamethasone/bupivacaine pellets had the 
longest sensory and motor blockade or anesthesia effect. Sensory blockade or 
anesthesia effect lasted for a period of 6-7 days with maximum blockade intensity 
(latency = 12 sec) observed on days 1-5 in all animals. Motor blockade or 
anesthesia effect lasted for 6-8 days with the densest motor blockade or anesthesia 
effect seen on day 1-5. All animals returned to baseline on Day 8. Rats implanted 
with hd-dexamethasone/bupivacaine pellets also had sensory blockade or anesthesia 
effect lasting 6-7 days. However, maximum blockade intensity was observed only 
on days 1-2 in all rats. A plateau of dense blockade (latency = 7-11 sec) was seen 
on days 3-5. Motor blockade or anesthesia effect lasted for 3-5 days with the 
densest motor blockade occurring on day 1-2. Group 4 animals (control group 
receiving large bore bupivacaine pellets) had sensory blockade or anesthesia effect 
lasting 5-6 days. There were no time points when all animals had maximum 
blockade intensity simultaneously. However, dense sensory blockade or anesthesia 
effect (latency = 7-11 sec) was observed on days 1-4 in all animals. Motor 
blockade or anesthesia effect lasted 3-6 days with densest blockade seen on Days 1 - 
2. Rats, who were implanted with hd-dexamethasone pellets, showed no sensory 
and motor blockade or anesthesia effect, and all time points could not be 
distinguished from baseline. Rats who were implanted with 10% CHP polymer 
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local anesthetic matrix pellets plus bupivacaine pellets, 20% CHP pellets and plus 
bupivacaine pellets, and bupivacaine pellets alone, respectively, all displayed similar 
sensory blockade or anesthesia effect durations and intensities. All groups showed 
sensory blockade or anesthesia effect durations of 2-4 days with dense blockade or 
anesthesia effect seen on Day 1 and the majority of rats returning to baseline on 
Days 2-4. Duration of motor blockade or anesthesia effect lasted for 1-2 days with 
the densest blockade or anesthesia effect observed primarily on day 1. 

Plasma Assays for ACTH and Cnrtim**,™* 

Plasma assays showed no difference in ACTH and corticosterone levels 
compared to normal values of rats taken at the same period of day and under similar 
stress-level conditions. 

Example 2: Methods For Conducting Tests 

The following methods were utilized in the in vivo studies on rats. All tests 
were conducted at standard room temperature, e.g., 22-25 °C. 

Anesthesia Tests 

Motor Ajmaihaia 

The rats were behaviorally tested for sensory and motor anesthesia in a quiet 
observation room. Testing was only performed in rats showing appropriate baseline 
hot plate latencies after at least one week of testing. In all testing conditions, the 
experimenter recording the behavior was unaware of the side containing the local 
anesthetic. To assess motor anesthesia, a 4-point scale based on visual observation 
was devised: (1) normal appearance, (2) intact dorsiflexion of foot with an 
impaired ability to splay toes when elevated by the tail, (3) toes and foot remained 
plantar flexed with no splaying ability, and (4) loss of dorsiflexion, flexion of toes, 
and impairment of gait. For graphing clarity, partial motor anesthesia equals a 
score of 2 and dense motor anesthesia is a score of either 3 or 4. 
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Sensory Anesthesia 

Sensory anesthesia was measured by the time required for each rat to 
withdraw its hind paw from a 56°C plate (IITC Life Science Instruments, Model 
35-D, Woodland Hills, CA). The rats were allowed to adjust to their surroundings 
in a quiet room for at least 30 minutes before testing. The rats were held with a 
cloth gently wrapped above their waist to restrain the upper extremities and 
obstruct vision. The rats were positioned to stand with one hind paw on a hot plate 
and the other on a room temperature plate. With a computer data collection system 
(Apple He with a footpad switch), latency to withdraw each hind paw to the hot 
plate was recorded by alternating paws and allowing at least fifteen seconds of 
recovery between each measurement. If no withdrawal occurred from the hot plate 
within 12 seconds, the trial was terminated to prevent injury and the termination 
time was recorded. Testing ended after five measurements per side, the high and 
low points were disregarded, and the mean of the remaining three points was 
calculated for each side. Animals were handled in accordance with institutional, 
state and federal guidelines. 

No rats were observed to have inflammation or blisters. Rats were tested 
for at least two weeks prior to surgery to achieve a consistent baseline latency, and 
testing continued for two weeks after surgery to confirm complete recovery from 
sensory anesthesia. Motor anesthesia (e.g., blockade) was rated on a 4-point scale. 
Animals with a motor blockade or anesthesia effect of 4.had a clubbed hindpaw and 
usually dragged their affected leg when walking. Motor blockade or anesthesia 
effect 3 animals walked normally but had toes that failed to splay when the animal 
was lifted. Animals with motor blockade or anesthesia effect of 2 showed toes that 
splayed but not as fully as normal or motor blockade or anesthesia effect 1 animal. 

Necropsy and Histology 

Animals were sacrificed two weeks after implantation. Sections of sciatic 
nerve approximately 2-3 cm in length, adjacent and proximal to the implants, were 
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preserved in 10% formalin solution (24 mM sodium phosphate, pH 7). Sections 
were then embedded in paraffin, stained with hematoxylin and eosin, and examined 
by light microscopy. 

Baana Analysis 

Rats (250-275 g) anesthetized with ketamine-HCl (100 mg/ml at 1.5 ml/kg, 
i.p.) and xylazine (4 mg/ml at 4 mg/kg, i.p.), were implanted with a silastic catheter 
into the right jugular vein. Blood was withdrawn (0.5 cc) before implantation and 
at timed intervals after administration via the indwelling central venous cannulae. 
Plasma was extracted with an equal volume of HPLC grade methanol (Fischer 
Scientific, Pittsburgh, PA), centrifiiged (10,000 x g) and the methanol phase filtered 
(0.2 //m nylon syringe type, Rainin, Wobum, MA) prior to HPLC analysis. The 
HPLC reliably quantified bupivacaine concentrations in the plasma methanol 
extraction phase down to 10 ng/ml. The bupivacaine standards used for blood 
plasma analyses were added to plasma aliquots prior to methanol extraction. The 
peak matching the standard bupivacaine peak's retention time was verified in plasma 
samples by doping with bupivacaine. 
Statistics 

Data were analyzed using linear regression tests, ANOVA, Chi Square tests 
and Wilcoxon rank-sum tests, where appropriate. 

EMmnlf 3; Prolonged anesthesia with microspheres loaded with local 
anesthetic agent and fl.if orortirr^ 

Since implantable devices require surgery to use, it is more desirable to 
make microspheres (Ms) which can be injected. However, in order to obtain 
sensory or motor blockade or anesthesia effect for greater than one day, it was 
necessary to add dexamethasone (D) to microspheres. Addition of 0.05% D 
prolonged blockade or anesthesia effect by five to fourteen fold. 
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Methods and Material 

Abbreviations include PLGA, poly-glycolic acid; CH 2 CI 2 , methylene 
chloride; dpm, disintegrations per minute; cpm, counts per minute; rpm, 
revolutions per minute. 

The non-radioactive polymer microspheres (Ms) used in this study were 
supplied by Medisorb, Cincinnati, OH. The PLGA 65:35 (Lot. No. S2170 Si 177, 
Mw 130,000) was supplied by Medisorb, Cincinnati, OH. Tritium labeled 
dexamethasone was obtained from Arnersham (specific activity 9.24 x 10 10 
dpm//imole) Bupivacaine free base was supplied by Purdue Frederick (Lot No. 
3293 1) and dexamethasone was supplied by Sigma (Lot No. 34H0502). Trisma 
base was supplied by Sigma (Lot No. 64H5732). Dulbecco's phosphate-buffered 
saline was supplied by Gibco, Maryland (Lot No. 14N5447). (2.68 KCL mM\L, 
1.47 KH 2 P0 4 mM\L, 547.5 NaCl mM\L, 9.50 mM\L NaHPOJ. The suspension 
media used in the in vivo experiments was supplied by Medisorb and consisted of 
0.5% w\v sodium carboxymethylcellulose (medium viscosity) and 0.1% w\v Tween 
80. A Coulter® Multisizer II, Coulter Electronics Ltd., Luton, England was used 
to determine the mass median diameter of the microspheres 

Polymer synthesis and Local Anesthetic Incorporation 

The radiolabeled microspheres were formulated by a single emulsion 
technique, using an evaporation process. Two types of radiolabeled microspheres 
were formulated, one which contained 75% w/w unlabeled bupivacaine and 0.05% 
w/w tritium labeled dexamethasone and the other contained 0.05% w/w unlabeled 
dexamethasone and 75% w/w tritium labeled bupivacaine The microspheres which 
contained tritium labeled dexamethasone were prepared as follows: an aliquot of 
dexamethasone containing 8 x 10 6 disintegrations per minute (dpm) was added to 
100 (As of a solution of 5mg of unlabeled dexamethasone in 5mls of ethanol. The 
sample was dried under a stream of nitrogen for one hour and 50 mg of PLGA 
65:35 and 150 mg of bupivacaine free base in 1 ml of CH 2 C1 2 were added. The tube 
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was vortexed for 1 minute at 2000 rpm on a Fisher Scientific Touch Mixer, Model 
232. Then 1 ml of 0.3% polyvinylalcohol in 100 Mm Trisma® 
(tris(hydroxymethyl)amino methane) base (pH adjusted to 8.4) was added, and an 
emulsion formed by vortexing for 45 seconds. The emulsion was then poured into 
1 00 mis of 0. 1 % polyvinylalcohol in 100 Mm Trisma® base. The CH 2 CI 2 was 
removed from the microspheres using a rotary evaporator under vacuum at 3 1 °C 
for 20 minutes. After 2-3 minutes bubbles formed, indicating that the organic 
solvent was being removed. The microspheres were sieved through a series of 
stainless steel sieves of pore sizes 140 /im, 60 //m and 20 /im (Newark Wire Co.). 
Those microspheres which were less than 20 and greater than 140 microns in 
diameter were discarded. The microspheres which fell in the size range 20 ^im to 
140 /zm were centrifuged at 4000 rpm for 5 minutes rinsed with buffer and 
centrifuged again. The microspheres were then frozen in liquid nitrogen and 
lyophilized overnight. The microspheres were examined before and after solvent 
removal using an American Optical One - Ten light microscope to ensure that no 
leaching of the drug took place. If leaching did occur, the bupivacaine crystallized 
and could be seen even at 10X using a light microscope. 

The microspheres which contained tritium labeled bupivacaine were 
formulated as described above with the following exceptions: An aliquot of 
radiolabeled bupivacaine consisting of 9 x 10 6 dpm was added to 1 50 mg of 
unlabeled bupivacaine free base. The solution was then vortexed to ensure 
homogeneous mixing of labeled and unlabeled bupivacaine. The ethanol was then 
removed under a stream of nitrogen for 1 hour. Upon removal of the ethanol, 50 
mg of PLGA 65:35 and 100 ^1 from a solution dexamethasone 1 mg/ml in ethanol 
was added. Thereafter, the protocol was the same as that used to formulate 
microspheres which contained radiolabeled dexamethasone. 

In order to determine the drug content, 5 mg of microspheres were 
dissolved in 2 mis of CH 2 CI 2 and the local anesthetic concentration determined by 
U. V. spectroscopy. The absorbance at 272 nm was read and compared to a 
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calibration curve of known amounts (0 to 2.5 mg/ml) of bupivacaine free base 
dissolved in CH 2 C1 2 . 

In Vitro Release StmlifiS 

Unlabeled Microspheres 

5 mg of microspheres were weighed out and 2 mis of Dulbecco's phosphate- 
buffered saline was added. The pH of the buffer was adjusted to 7.4 and 0. 1% 
sodium azide was added as an antimicrobial agent. The buffer was changed at 0.5, 
2, 6, 12, and 24 hours and once daily thereafter. The amount of bupivacaine free 
base in the buffer was determined using a Hewlett Packard 8452 Diode Array 
Spectrophotometer at 272 nm. Duplicates from each batch of microspheres were 
assayed. Release media incubated with control microspheres which did not contain 
bupivacaine showed insignificant absorbance at 272 nm. 

Labeled Microspheres 

The procedure used to determine the in vitro release of both bupivacaine 
and dexamethasone is the same as that used for non-radiolabeled microspheres, 
except that the amount of radiolabeled compound released into the buffer was 
determined by adding 17 mis of Ecolume® scintillation fluid to 2 mis of buffer. The 
total number of counts was determined using a LKB Wallac 1214 Rackbeta Liquid 
Scintillation Counter. The efficiency, (the counts per minute/disintegration per 
minute), of the counter was determined to be 51%. Five replications of each set of 
radiolabeled microspheres were used. 

Preparation of Microsphere Suspensions for 
Injection and fa Viva Teg tin f> 

The dose used varied between 50 and 450 mg of drug/kg of rat, and 0.6 mis 
of injection vehicle was used for each injection. The injection vehicle consisted of 
0.5% w/w sodium carboxy methyl cellulose and 0.1% w/w Tween 80 in water. The 
microspheres in the suspending media were vortexed at maximum speed for two 
minutes prior to injection. The injection was performed by locating and injecting 
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slightly below and proximal to the greater trochanter. Rats were anesthetized with 
halothane 2-3% inspired concentration in oxygen during injections, at least five rats 
were used to test each formulation. 

Testing far Sriatir Nerve An^h^, a 

Male Sprague-Dawley Charles River rats weighing between 200 and 350 
grams were used to determine the duration of the blockade or anesthesia effect 
obtained with each of the different microsphere formulations tested. They were 
handled daily and habituated to the testing paradigm prior to exposure to local 
anesthetic injections. Sensory and motor blockade or anesthesia effect were 
examined as described above. The duration of the sensory blockade or anesthesia 
effect was determined as the length of time for which the latency was greater than 
or equal to 7 seconds. 

In addition to sensory testing motor testing was performed at each time 
point to examine the rat's ability to hop and to place weight on its hind leg. Animals 
were handled and cared for according to institutional, state, and federal regulation, 
and according to the guidelines of the International Association for the Study of 
Pain, Seattle, Washington 

Results 

Microsphere mftrphfllffry 

Using the preparative procedures outlined above, smooth, spherical, 
mechanically stable microspheres were produced without significant quantities of 
crystalline bupivacaine leaching out the microspheres. When the drug leached out 
of the microspheres into the aqueous solution, it was in the form of long crystals, 
approximately 30//m in length and was visible by light microscopy. Comparison of 
PLGA 65:35 microspheres loaded with 75% bupivacaine and 0.05% 
dexamethasone formulated by solvent removal using a vacuum at 40 °C with those 
formulated by stirring the microspheres at room temperature and pressure, for three 
hours until the organic solvent evaporated, showed no significant differences. 
Increasing the rate of removal of the organic solvent using heat and vacuum 
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reduced the rate of leaching of bupivacaine out of the microspheres from, e.g., 
about 40% to about 2%. 

In vitro rel**s* kj nf fi n 

The in vitro results showed that the bupivacaine was released from the 
microspheres in a controlled manner. In general, between 24-40% of the 
bupivacaine was released in the first 24 hours, and approximately 7% released daily 
thereafter. Approximately 90% of the bupivacaine was released after 5-8 days. 
The presence of dexamethasone in the microspheres did not significantly affect the 
in vitro release rates of bupivacaine and the in vitro results cannot account for the 
prolongation of blockade or anesthesia effect, due to the presence of 
dexamethasone, observed in vivo. 

Fig. 1A compares the rates of in vitro release of bupivacaine from PLGA 
75:25 microspheres loaded with 75% bupivacaine containing dexamethasone with 
those which did not contain dexamethasone. Bupivacaine is released at similar rates 
in both cases, so the presence of dexamethasone did not influence the rate of 
diffusion of bupivacaine out of the polymer microspheres. 

In addition in vitro results obtained from release studies on microspheres 
containing radiolabeled drug confirms that dexamethasone was incorporated into 
the microspheres and was released at approximately the same rate as bupivacaine 
(data not shown). In Fig. 2, the percent cumulative release of bupivacaine versus 
time was overlaid for two different detection techniques, U. V. spectroscopy and 
scintillation counting. The two graphs paralleled each other, verifying the accuracy 
of the two different detection methods. 

The in vitro release of bupivacaine from PLGA 50:50, PLGA 65:35, PLGA 
75:25 and PLA are shown in Fig. 6. Note that PLA immediately (uncontrollably) 
releases the bupivacaine and that 75:25 and 65:35 show similar controlled release 
rates. Fig. 7 compares the percent cumulative release of bupivacaine from 
microspheres when the pH of the buffer media was 6, 7.4 and 8. The rate of release 
of bupivacaine was higher at pH 6 than at pH 7.4 or 8, because bupivacaine has a 
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greater ionized fraction and greater aqueous solubility at pH 6 than at pH 7.4 or pH 
8. At about day 10, pH 7.4 bupivacaine release stopped, but the release of 
bupivacaine at pH 8 continued past 80% cumulative release. The excursion above 
the 100% cumulative release mark reflects the cumulative nature of the standard 
error when the data is presented in this manner. 
Radiolabeled microspheres 

When microspheres loaded with unlabeled bupivacaine and radio labeled 
dexamethasone were prepared, the yield (weight of microspheres/weight of 
bupivacaine + weight of polymer) was 45%. The bupivacaine content was 
determined to be 75+1%. When microspheres loaded with unlabeled 
dexamethasone and radiolabeled bupivacaine were prepared, the yield was 50%, 
and the bupivacaine content was 73+ 2%. Fig. 1 A confirms that dexamethasone 
was incorporated into the microspheres and that both substances were released at 
similar release rates. The comparison of U.V. spectroscopy and scintillation 
counting used to monitor the in vitro release of unlabeled and radio labeled 
bupivacaine, respectively, show that essentially the same release rate was measured 
using the two techniques (Fig. 2). 

Rat Sciatic Nerv* AnPtHi»cia fa y fvr 

In order to determine the toxic response of the rats to various microsphere 
doses, the rats were injected with concentrations ranging from 50 to 450 mg of 
bupivacaine/kg of rat for each type of polymer. The corresponding plots of dose 
verses duration of latency are shown in Fig. IB. Fig. IB shows that among PLA 
100 , PLGA 75:25 and PLGA 65:35, the later two provided the longest duration of 
latency. No systemic toxicity, excessive sluggishness or death was observed even at 
the highest doses. Figs. 4A-4D compare the duration of sensory blockade or 
anesthesia effect for groups of rats injected with bupivacaine-loaded PLA 100, 
PLGA 75:25, PLGA 65:35 and PLGA 50:50 microspheres, respectively, with and 
without incorporated dexamethasone. In each case, the presence of dexamethasone 
in the microspheres resulted in a 6-13 fold increase in the duration of blockade or 
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anesthesia effect. Mean sciatic anesthesia durations among treatment groups 
varied from 65 +3 to 134 +13 hours for microsphere formulations which contained 
dexamethasone. Control groups receiving injections of polymer microspheres 
containing no drug or dexamethasone or containing dexamethasone alone showed 
5 no sensory or motor blockade or anesthesia effect. PLGA 65:35 microspheres 

which contained 0%, 0.005% and 0.05% dexamethasone, at a dose of 1 50 mg/kg of 
rat, provided 8, 50 and 170 hours of sensory latency, respectively, as shown in Fig. 
3A. 

Experiments confirmed that 65:35 PLGA polymers were preferable to either 

10 75:25 PLGA or 100% PLA, both in terms of (1) the reliability, intensity and 

duration of sciatic anesthesia, (2) each of dispersal and injectability. A blockade or 
anesthesia effect of 30-40 hours was observed with PLGA 50:50 over the PLGA 
65:35 microspheres, indicating no advantage. The optimum dose and formulation 
was determined to be about 150 mg of drug/kg of rat of PLGA 65:35 microspheres 

1 5 loaded with 75% bupivacaine and 0.05% dexamethasone, as this was the lowest 

dose which resulted in the longest duration of blockade or anesthesia effect. 

The presence of 0.05% dexamethasone in microspheres significantly 
prolonged the duration of sciatic anesthesia. That is, the blockade or anesthesia 
effect obtained using microspheres which contained 0.05% dexamethasone was up 

20 to 13 fold long than the blockade or anesthesia effect obtained using the 

corresponding microspheres which did not contain any dexamethasone. The 65:35 
PLGA provides optimum duration of latency over 75:25 PLGA and 100PLA 
microspheres loaded with bupivacaine and dexamethasone as shown in Fig. IB. 
This is confirmed by Fig. 3 A, which shows a dose-response effect on latency 

25 between 0.05% dexamethasone and 0.005% dexamethasone. Analogous results 

were obtained for motor blockade or anesthesia effect versus time as shown by Fig. 
3B. Mean sciatic anesthesia durations among treatment groups varied from 65+3 to 
134 + 13 hours for microsphere formulations which contained dexamethasone. 
Control groups receiving injections of polymer microspheres containing no drug or 
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dexamethasone or containing dexamethasone alone showed no sensory or motor 
blockade or anesthesia effect. It was determined that 150 mg of bupivacaine/kg of 
rat was the optimum dosage and no further prolongation of blockade or anesthesia 
effect was obtained by injecting a higher dose. The optimum formulation was 
determined to be 150 mg of bupivacaine/kg of rat in PLGA 65:35 microspheres 
which contained 75% bupivacaine and 0.05% dexamethasone (the mass median 
diameter was 70/im, determined using a coulter counter). Using this formulation a 
134 hour sciatic anesthesia was achieved. 

Example 4 : Administration of Microspheres in Combination with 
Glucocortic oids in Solution 

A model system was developed in which dexamethasone was dissolved in 
ethanol and an aliquot of known concentration was added to the suspending 
medium which contained microspheres loaded with about 75% bupivacaine. 
Addition of dexamethasone to the suspending medium in concentrations ranging 
from 0.05% to 0.5% prolonged the duration of blockade or anesthesia effect 
obtained using bupivacaine microspheres. 

This model system then permitted testing of a series of compounds over full 
concentration ranges for prolongation of sciatic blockade or anesthesia effect in 
vivo without the labor-intensive step of making a microsphere prep with each 
additive and each dose. 

Various concentrations of additives were placed in the injection vehicle 
along with bupivacaine microspheres and tested for their ability to prolong blockade 
or anesthesia effect. This model allowed a number of different additives to be 
tested quickly and efficiently. 

Dexamethasone was dissolved in ethanol and an aliquot of known 
concentration was added to the suspending medium which contained microspheres 
loaded with 75% bupivacaine. Addition of dexamethasone to the suspending 
medium in concentrations ranging from 0.05% to 0.5% prolonged the duration of 
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blockade or anesthesia effect obtained using bupivacaine microspheres. Addition of 
0.005% (w/w) bupivacaine did not result in a prolongation of the blockade or 
anesthesia effect obtained. 

This model system then permitted testing of a series of compounds over full 
concentration ranges for prolongation of sciatic blockade or anesthesia effect m 
W® without the labor-intensive step of making a microsphere prep with each 
additive and each dose. 

Various concentrations of additives were placed in the injection vehicle 
along with bupivacaine microspheres and tested for their ability to prolong blockade 
or anesthesia effect. This model allowed a number of different additives to be 
tested quickly and efficiently. 

Materials and Method* 
Materials 

The following polymer microspheres were formulated by solvent 
evaporation method (polymer molecular weight 130,000), and supplied by 
Medisorb, Cincinnati, OH: 65:35 PLGA loaded with 75% bupivacaine, 65:35 
PLGA loaded with 75% bupivacaine and 0.05% cholesterol. Estradiol, testosterone, 
betamethasone and dexamethasone were supplied by Sigma, St. Louis, Missouri 
Cholesterol was supplied by Aldrich, Milwaukee, WI, hydrocortisone (Solu- 
Cortef®) and methylprednisolone was supplied by Upjohn Co., Kalamazoo, MI. 
Epinephrine was supplied by ElkinsSinn, Inc., New Jersey, Ketorolac. The 
bupivacaine in saline (Sensorcaine®) was supplied by Astra Pharmaceutical, 
Massachusetts. 



Preparation of the Suspension nnri 7 ff vivo Testing 
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Male Sprague-Dawley Charles River Rats, weighing between 200 and 350 
grams were used to test the ability of each additive to prolong blockade or 
anesthesia effect. 150 mg of bupivacaine per kg of rat and a known concentration of 
each of the additives were placed in 0.6mls of injection vehicle (5g/L medium 
molecular weight carboxymethylcellulose, Ig/L Tween 80). If the additive was a 
solid, it was dissolved in ethanol and aliquots which varied in concentrations from 
0.0220mg/kg of rat, and added to the injection fluid. If the additive was in liquid 
form, it was added directly to the injection fluid. The microsphere/additive mixture 
was vortexed (Scientific Industries Vortex Genie®) at maximum speed for three 
minutes prior to injection. The injection was performed while the rats were under 
general anesthetic, by locating the greater trochanter and injecting slightly below 
and proximal to it. At least five rats were used in each test. 

Sensory blockade or anesthesia effect was examined using art-known 
techniques. In addition, motor tests were performed at each time point to examined 
each rat's ability to hop and to place weight on it f s hind leg by art-known 
techniques. Each leg was tested three times, and the latency of the contralateral leg 
was tested to provide a control. The animals were handled and cared for according 
to institution, state, and federal regulations. 

Table 1 shows the duration of blockade or anesthesia effects obtained when 
dexamethasone alone, liquid bupivacaine alone and a combination of liquid 
bupivacaine and two different concentrations of liquid dexamethasone were tested 
in vivo. Table 2 shows the duration of blockade or anesthesia effects obtained 
when glucocorticoids, steroids and non-steroidal anti-inflammatories (NSAIDs) 
were placed in the injection fluid along with bupivacaine microspheres. 
Dexamethasone in aqueous solution did not produce any sciatic blockade or 
anesthesia effect, nor did it prolong blockade or anesthesia effect when co- 
administered with bupivacaine in solution (Table 1). Dexamethasone and 
betamethasone were approximately equivalent in augmenting motor blockade or 
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anesthesia effect (Fig. 5B) but dexamethasone was optimal for sensory blockade or 
anesthesia effect (Fig. 5A). The sensory blockade or anesthesia effect results 
parallel those obtained from motor blockade or anesthesia effect testing. These 
results are confirmed by Fig. 5C showing a plot of the duration of sensory block 
(hours) versus log concentration of dose of additives placed in the injection fluid 
(mg/kg). 

In addition, 0.3 mg/kg of cholesterol was incorporated into bupivacaine 
loaded microspheres, but its presence did not result in a prolongation of blockade or 
anesthesia effect when compared to the blockade or anesthesia effect obtained from 
bupivacaine microspheres. 



TABLET 

Liquid bupivacaine and the following additives were injected 
to determine if dexamethasone in the presence of liquid 
bupivacaine would prolong blockade or anesthesia effect. 


NO. 
OF RATS 


CONC 
BUPIVACAINE 
<mg/kgRAT) 


CONC. 
DEXAMETHASONE 
(mg/kg RAT) 


LENGTH OF 
BLOCKADE OR 
ANESTHESIA 
EFFECT (HOURS) 


1 5 


3 




2-3 


5 




0.16 


0 


5 


3 


0.16 


2-3 


5 


3 


1.6 


2-3 



Fig. 5A shows that bupivacaine microspheres in the presence of 
dexamethasone provides a sensory blockade or anesthesia effect where the initial 
blockade or anesthesia effect latency of 12 seconds falls to a latency of about 7 
seconds after 50 hours and about 2.5 seconds after 1 00 hours. Betamethasone 
provided a similar duration of sensory blockade or anesthesia effect. Analogous 
results were obtained (Fig. 5B) for motor blockade or anesthesia effect 
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Results 

The results are shown in Table 2 as follows: 



TABLE 2 


Number of rats 


Additives (mg/Kg rat) 


Sensorv block 
(hours) 


Mntnr hlnrk 

(hours) 


11 





6.0 ± 1.0 


5.0 ±0.3 


7 


Dexamethasone (0.14) 


47.0 ±8.0 


38.0 ±5.0 


5 


Dexamethasone (0.02) 


17.0 ± 11.0 


19.0 ±8.0 


5 


Dexamethasone (2.0) 


36.0 ± 19.0 


34.0 ± 12.0 


5 


Betamethasone (2.0) 


44.0 ± 13.0 


39.0 ± 11.0 


5 


Betamethasone (0.8) 


46.0 ±7.0 


39.0 ±5.0 


5 


Betamethasone (0.25) 


36.0 ± 10.0 


38.0 ± 11.0 


5 


Betamethasone (0.032) 


19.0 ±4.0 


15.0 ±4.0 


5 


Methylprednisolone (20) 


34.0 ±11.0 


33.0 ± 9.0 


7 


Methylprednisolone (2.1) 


28.0 ±6.0 


28.0 ±5.0 


5 


Methylprednisolone (0.1) 


20.0 ± 5.0 


13.0 ±4.0 


7 


Hydrocortisone (0.1) 


10.0 ±3.0 


10.0 ±3.0 


5 


Hydrocortisone (1 .25) 1 


15.0 ±5.0 


16.0 ±3.0 


5 


Hydrocortisone (10) 


36.0 ± 10.0 


31.0±8.0 


5 


Ketorolac (2.0) 


6.0 ±0.7 


7.0 ±0.4 


5 


Ketoralac (6.3) 


8.0 ±2.0 


10.0 ±4.0 


4 


Estradiol (1.25) 


8.0 ± 1.0 


9.0 ±2.0 


4 


Estradiol (0.125) 


11.0±6.0 


12.0 ±6.0 


8 


Cholesterol (0.1) 


4.0 ± 0.4 


4.0± 1.0 


5 


Cholesterol (3.1) 


8.0 ±3.0 


5.0± 1.0 


5 


Testosterone (1.7) 


15.0 ±5.0 


15.0 ±5.0 


5 


Testosterone (1.0) 


7.0 ± 2.0 


6.0 ± 1.0 
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TABLE 2 


4 


Progesterone (2.0) 


8.0 ± 1.0 


6.0 ±1.0 


5 


Epinephrine (0.01) 


12.0 ±6.0 


12.0 ±4.0 


5 


Epinephrine (0.1) 


14.0 ±5.0 


11.0±3.0 



The results demonstrate that dexamethasone does not produce sciatic 
blockade or anesthesia effect by itself in solution, nor does it prolong blockade or 
anesthesia effect from bupivacaine in solution. Addition of dexamethasone in 
solution with bupivacaine in solution did not prolong blockade or anesthesia effect 
relative to bupivacaine in solution alone. The prolonged blockade or anesthesia 
effect previously observed seemed to require the presence of bupivacaine in 
microspheres. The data confirm that glucocorticoid produce a block-prolonging 
effect proportioned to their potency (as glucocorticoids) 

It can be seen that: 

i. High potency glucocorticoids such as betamethasone also 
produce prolongation of blockade or local anesthesia effect 
up to about 45 hours in duration. 

ii. Intermediate potency glucocorticoids such as 
methylprednisolone produce intermediate degrees of 
blockade or sensory effect prolongation. 

iii. Weaker glucocorticoids such as hydrocortisone produce 
mild, but statistically significant prolongation of blockade or 
anesthesia effect. 

iv. The weaker prolongation of blockade or anesthesia effect by 
hydrocortisone cannot be made as effective as 
dexamethasone by further increasing its concentration in the 
suspending medium. 

v. Estrogen has no blockade-prolonging effect Testosterone 
showed a mild prolongation of blockade or anesthesia effect 
(testosterone is a relatively weak hormone compared with 
synthetic analogues). 

vi. NSAIDs and epinephrine did not substantially prolong 
blockade or sensory effect. Epinephrine in the doses used 
(0.05% in the suspending medium) produced considerable 
systemic toxicity, but no deaths. 
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Examp l e ft Restoration of T^>c»l Annthesia hv I Wamethnsnn? 

Male Sprague-Dawley Charles River Rats, weighing between 200 and 350 
grams were used to confirm the ability of dexamethasone, a glucocorticosteroid, to 
reestablish local anesthesia when locally administered after a bupivacaine- 
microsphere induced local anesthesia was waning. 

Rats were injected into or adjacent to the sciatic nerve with PLGA 65:35 
controlled release microspheres loaded with bupivacaine (about 75% percent 
loading). 

Sensory latency was determined by the hot plate foot withdrawal method 
described above. During the first 6 hours after injection, the mean hot plate latency 
fell from 12 sec to about 5 sec. At 6 hours the test animals were injected at original 
site with 0.032 mg/kg of dexamethasone. This produced an immediate restoration 
of sensory anesthesia, as confirmed by the hot plate sensory latency, that moved up 
to about 1 1 sec. (Fig. 8A, closed squares). Anesthetized control animals that 
received 6 hour injections of vehicle without dexamethasone (Fig. 8A, closed 
triangles) and no second injection (Fig. 8A closed circles) showed no such 
restoration of sensory anesthesia. 

The same procedure was repeated with the measurement of motor blockade 
or anesthesia effect, with the same results. Dexamethasone (0.5%) produced a rapid 
restoration of the motor anesthesia (Fig. 8B, solid circles). Previously anesthetized 
animals receiving 6 hour injections of vehicle without dexamethasone (Fig 8B, 
open circles) and receiving no further injections (Fig. 8B, open squares ) showed a 
continued decline in motor anesthesia. 
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CONCLUSION 

The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the art 
5 from the foregoing description. Such modifications are intended to fall within the 

scope of the claims. Various publications are cited herein, the disclosures of which 
are incorporated by reference in their entireties. 
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WHAT IS CLAIMED IS 

1 . A method for reactivating or prolonging local anesthesia at a site in a 
patient in need thereof, comprising 

administering to a patient at a site at which local anesthesia is desired, a 
pharmaceutical^ acceptable composition comprising an effective amount of a local 
anesthetic, and thereafter 

administering a glucocorticosteroid agent, in an amount effective to 
reactivate or prolong local anesthesia, said glucocorticosteroid agent being 
administered at a time ranging from about 1 to about 72 hours after said local 
anesthetic was administered. 

2, The method of claim 1 wherein said local anesthetic is co- 
administered with an amount of glucocorticosteroid effective to prolong local 
anesthesia relative to the duration of local anesthesia without said co-administered 
glucocorticosteroid agent. 

3 A method according to claim 1 wherein said composition comprising 
an effective amount of a local anesthetic is administered by a method selected from 
the group consisting of topical application, implantation, infiltration, injection, 
infusion and any combination thereof, at or adjacent to the site requiring local 
anesthesia. 

4. A method according to claim 1 wherein said glucocorticosteroid 
composition is administered by a method selected from the group consisting of 
topical application, implantation, infiltration, injection, infusion and systemic 
administration and any combination thereof, at or adjacent to the site requiring 
reactivated anesthesia. 

5. The method of claim 1 wherein at least a portion of said 
glucocorticosteroid composition is administered at a time period ranging from 
about 1 to about 6 hours after said previous local anesthesia was administered. 
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6. The method of claim 1 wherein at least a portion of said 
glucocorticosteroid is in controlled release form. 

7. The method of claim 6 further comprising preparing said controlled 
release form as a plurality of microspheres comprising said glucocorticosteroid, 
suspending said microspheres in a pharmaceutical^ acceptable medium for 
injection, and injecting said microspheres at the site requiring reactivated 
anesthesia. 

8. The method of claim 1 wherein at least a portion of said local 
anesthetic is in controlled release form and is selected from the group consisting of 
bupivacaine, ropivacaine, dibucaine, procaine, chloroprocaine, prilocaine, 
mepivacaine, etidocaine, tetracaine, lidocaine, xylocaine, and mixtures and salts 
thereof. 

9. The method of claim 8 wherein the local anesthetic is bupivacaine. 

10. The method of claim 1 wherein the reactivated local anesthesia 
ranges in duration from about 1 . 1 to about 14 fold or more of the duration of local 
anesthesia induced by controlled release local anesthetic without restoration. 

11. The method of claim 1 wherein the reactivated local anesthesia 
ranges in duration from about 1 to about 72 hours, measured from the time of 
administration of a composition comprising an effective amount of a glucocorticoid 
agent. 

12. The method of claim 1 wherein at least a portion of the 
glucocorticosteroid composition is administered systemically. 

13. The method of claim 1 wherein the glucocorticosteroid is selected 
from the group consisting of dexamethasone, cortisone, prednisone, hydrocortisone, 
beclomethasone dipropionate, betamethasone, flunisolide, methylprednisone, 
paramethasone, prednisolone, triamcinolone, alclometasone, amcinonide, 
clobetasol, fludrocortisone, diflorasone diacetate, fluocinolone acetonide, 
fluocinonide, fluorometholone, flurandrenolide, halcinonide, medrysone and 
mometasone and pharmaceutical^ acceptable mixtures thereof and salts thereof. 
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14. The method of claim 1 3 wherein the glucocorticosteroid is 
dexamethasone. 

1 5. The method of claim 9 wherein the bupivacaine is administered in a 
dose ranging from about 1 to about 450 mg per kg of body weight. 

1 6. The method of claim 9 wherein the bupivacaine is administered in a 
dose ranging from about 0.5 to about 1000 mg at a site in the patient. 

17. In a method for providing local anesthesia in a patient by 
administering an effective amount of a local anesthetic and an amount of a 
glucocorticoid agent effective to prolong the induced local anesthesia, the 
improvement consisting of administering a glucocorticosteroid in a time period 
ranging from about 1 to about 12 hours after the local anesthetic is administered, 
said glucocorticosteroid being administered in an amount effective to prolong or 
reactivate said anesthetic effect. 

18. A method for reactivating or prolonging a previously induced local 
anesthesia at a site in a patient in need thereof, comprising administering to a patient 
at a site at which local anesthesia is desired, a pharmaceutical^ acceptable 
composition comprising an effective amount of a local anesthetic, and a 
glucocorticosteroid agent, in an amount effective to reactivate or prolong local 
anesthesia, wherein at least a portion of said glucocorticosteroid is administered 
after said local anesthetic is administered. 

19. A pharmaceutical formulation for providing local anesthesia in a 
patient, comprising an amount of a local anesthetic effective to induce local 
anesthesia at an appropriate site in a patient in need thereof and an amount of a 
glucocorticosteroid effective to reactivate or prolong said local anesthesia, said 
local anesthetic and said glucocorticosteroid provided in controlled release form, 
such that said glucocorticosteroid is released at a time period ranging from about 1 
to about 72 hours after said local anesthetic was administered, said portion of said 
glucocorticosteroid being effective to prolong or reactivate said local anesthesia. 
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20. The formulation of claim 19 wherein at least a portion of said 
glucocorticosteroid is released at a time period ranging from about 1 to about 24 
hours after said local anesthetic was administered. 

21 . The formulation of claim 1 9, wherein at least a portion of said 
glucocorticosteroid is in immediate release form. 

22. The formulation of claim 19, wherein at least a portion of said local 
anesthetic is in immediate release form. 

23. The formulation of claim 19 wherein the controlled release 
formulation comprising a local anesthetic is in a form selected from the group 
consisting of slabs, beads, pellets, microparticles, microspheres, microcapsules, 
spheroids and pastes. 

24. The formulation of claim 19, wherein the controlled release 
formulation comprises microparticles suitable for administration by a method 
selected from the group consisting of injection, infusion and topical application. 

25. The formulation of claim 24, wherein said microparticles are 
suspended in a medium that is pharmaceutical^ acceptable for administration by a 
method selected from the group consisting of injection, instillation and topical 
application. 

26. The formulation of claim 24 wherein the microparticles are selected 
from the group consisting of microspheres comprising a local anesthetic agent, 
microspheres comprising a glucocorticoid agent and mixtures of said microspheres. 

27. The formulation of claim 1 9, wherein the controlled release form is 
liposomes. 

28. The formulation of claim 19, wherein the formulation comprising the 
local anesthetic comprises a polymer selected from the group consisting of 
polyanhydrides, copolymers of acid and glycolic acid, poly(lactic) acid, 
poly(glycolic) acid, polyesters, polyorthoesters, proteins, and polysaccharides. 
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29. The formulation of claim 19, wherein the local anesthetic is 
incorporated into said controlled release formulation at a percent loading of 0.1% 
to 90% by weight. 

30. The formulation of claim 1 9 wherein the local anesthetic is selected 
from the group consisting of ropivacaine, bupivacaine, dibucaine, etidocaine, 
tetracaine, lidocaine, xylocaine, mixtures thereof, and salts thereof. 

3 1 The formulation of claim 1 9 wherein the giucocorticosteroid is 
selected from the group consisting of dexamethasone, cortisone, prednisone, 
hydrocortisone, beclomethasone dipropionate, betamethasone, flunisolide, 
methylprednisone, paramethasone, prednisolone, triamcinolone, or amcinonide, 
clobetasol, fludrocortisone, diflorasone diacetate, fluocinolone acetonide, 
fluocinonide, fluorometholone, flurandrenolide, halcinonide, medrysone and 
mometasone and pharmaceutical^ acceptable mixtures thereof and salts thereof. 

32. The formulation of claim 33 wherein the giucocorticosteroid is 
dexamethasone. 

33. The formulation of claim 1 9 wherein said formulation provides a 
period of anesthesia ranging from about 1 to at least about 72 hours. 
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